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PREFACE. 

The following report presents the results of a series of experiments 
carried out in continuation of a plan of study at the Nutrition Labora- 
tory on the energy expenditure during muscular work, and supple- 
ments the report of Benedict and Murschhauser: Energy Transforma- 
tions during Horizontal Walking. 

The author is indebted to the Director, Dr. Francis G. Benedict, 
for his constant interest and criticism as the work progressed, and to 
Miss A. N. Darling for her painstaking supervision of the editorial 
work in preparing the material for publication. He is also indebted 
to Mr. Karl H. Brown for his interest and fidelity in the difficult task 
of recording the pulse-rates and to Mr. William H. Leslie for much of 
the labor involved in the calculations, and preparation of the tables. 
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GASEOUS EXCHANGE AND PHYSIOLOGICAL EE- 

QUIEEMENTS FOE LEVEL AND 
GEADE WALKING 



INTRODUCTION. 

This investigation was undertaken as a part of the larger plan 
formulated in the Nutrition Laboratory some years ago for the study 
of the enei^ requirements of the body during muscular exercise, 
including a consideration of the efficiency with which the human body 
can perform some of its more common daily tasks. The results of 
Atwater and Benedict/ obtained in experiments with the respiration 
calorimeter at Wesleyan University, demonstrated that the energy 
of the hxunan body could be measured like that of any machine. 
Accordingly, when the Nutrition Laboratory was established in Boston, 
the plans for research included a continuation of this work, and a res- 
piration calorimeter was constructed, which was designed especially 
for this tyi)e of experiment. 

The results of the studies of Zuntz' and his associates on the gaseous 
exchange of the animal body demonstrate that the energy require- 
ments can be found indirectly by computation from the oxygen con- 
sumption and the respiratory quotient with an expenditure of much 
less time and effort than is required for direct measurements by the 
respiration calorimeter. This has resulted in a diminishing use of 
the respiration calorimeter for the energy measurements of the human 
body, and the data reported in the following pages have been obtained 
by indirect calorimetry. However, it must not be overlooked that 
the respiration calorimeter first demonstrated that the law of the 
conservation of energy holds in the animal body and that for our 
knowledge of the values used in indirect calorimetry we depend on 
data obtiuned by direct calorimetric measurements. 

The numerous comparisons of direct and indirect calorimetry 
made by Lusk and Du BoLs in New York, with the calorimeter at the 
Russell Sage Institute of Pathology, as well as thr^se marie with the 
calorimeters at Wesleyan University and later at the Nutrition La^>o^a- 
tory, have shown that with severe mascular work the agreement 
between the results obtained by the direct and indirect methods is 

>Atwmter mud Beocdiet, U. S. Di^pt. Acr,. OtRej! £x{r. StA. BiiJL fAf, \hU(f t/ruf. BuIL Uf4. \'Mr2; 
ibid, BuIL lao, 1903; Betusdiet mnd MOiusr. V, H, iM^t. Ac/.. OfFtrH Kxp. HtA. hull 17:,, J'^/7; 
Benedict sod Carpenter. U. S. Dept. Aftr., Office Exp. Hu. Bull. 2^fi^. l'fff4, 

*ZuntM, Archsv f. d. tsta. Phy.noL, IW7, C8, p, 201. See, idta*, Zunlz Mt^l H/^hufriFytirjt. 11./n- 
ologie dea Sfmncfacs, Berlin, 1901. p. 2&0. 
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RESEARCHES BT OTHER INVESTIGATORS. 6 

higher than that usually found, and may in part be explained by the 
fact that, as Waller himself states, his method determines only the 
carbon-dioxide production, a respiratory quotient is assumed, and 
there is an acknowledged error of ^^5 per cent. In general, his values 
run somewhat higher than those commonly accepted as a result of 
other walking experiments. 

Benedict, Miles, Roth, and Smith,^ in the report of a study on the 
effects of restricted diet, include llie measurement of the gaseous 
exchange during level walking on a treadmill of a group of 12 young 
men in normal condition and of the same group after 20 days of re- 
stricted diet. They likewise report the gaseous exchange during walking 
of a group of 1 1 men after they had been on a restricted diet for a period 
of 120 days. A special closed-chamber method was used, and the 
carbon dioxide produced and the oxygen consumed were determined 
by analysis of the chamber air. They f oimd the average cost per 
horizontal kilograimneter for the normal men to be 0.597 gram-calorie, 
and for the same group after 20 days of restricted diet 0.562 gram- 
calorie. For the group with a restricted diet for 120 days the cost 
per horisontal kilogrammeter was 0.922 gram-calorie, thus indicating 
a somewhat greater efficiency per unit of work for the men who were 
on a restricted diet and much below their usual body-weight. These 
figures, the authors state, were for brief periods of moderate speed 
(70 meters per minute) and do not ai^ly to conditions in which con- 
tinued exercise and stamina mi^t be prime requirites. 

Cathcart and Qrr,' using the Douglas bag method, made a series 
€i studies on the energy requirements for the various forms of exercise 
required of British recruits. Inasmuch as the experiments were 
carried out under various conditions of weather and terrain, the 
authors distinctly state that all they could expect to obtain was an 
average of the energy expended in performing any given type of drilL 
Among the many forms of exercise reported in their publicatirxi was 
included that of marching with lii^t (loJi kg.)> medium <2flo kg.)^ 
and heavy (25 kg.) loads. The speed was 91.4 meters per minute 
on a oomparatiTely level and smooth stretch of noA. For these con- 
ditions they found the cc^ per horizontal kilogrammeter to be 0.543, 
0.638. and 0.672 gram-calorie for the several loads. In additi<m to 
these field tests, a series was also made on one of the a^ithors wher»in 
the details are more neariy those of the hhrjnXory re^search in wfaidi 
the effects <4 diet and the effects of vdodty and load were f$tudi^ 
Under these conditions they found an mcrea^id cort per horizontal 
kflogrammeter with increase in «peed and load from approximatdy 
0.52 gram-calorie for a speed of 57 meters per minute to OJVi gram- 



Offiee. LcndcA. IVHt. 
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IfETABOLISM DUBING WALKING. 



MbjMt, I.SiB. 



Tablb 2. — Typical record of walking experimmiL 
teU, Wtooazy 2, 1916. 
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on the individual days, except in the case of the respiratory 
quotient and the heat-output, these two values being recalculated 
from the average carbon dioxide and oxygen. The total averages for 
the subjects were obtained by averaging the daily averages and not by 
averaging the data for the individual periods. 

Table 3. — Metabolism of A. J, 0. and H, R, R., ttandifiQf in experiments without food, 

(Values per minute.) 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduced). 


Average 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


A. J.O. 

1915. 
Feb. 15 

Average.. . 
Feb. 24 

Average.. . 
Feb. 27 

Average.. . 

Gen. av. (3 
days). . . 

H.R.R. 
1915. 
Mar. 20 

Average. . . 
Aiur. 10 

Average. . . 
Ai>r. 17 

Average... 

Gen. av.^ 
(2 days). 


20.8 
22.6 
21.3 


liters. 
7.4 
7.6 
7.8 




c. e. 
242 
228 
222 


e. c. 
265 
281 
271 


0.92 
.81 
.82 


etUt. 














21.6 


7.6 




231 


272 


.85 


1.32 




20.2 
21.1 
20.0 
20.7 


7.8 
8.3 
7.7 
7^.9 




235 
226 
224 
227 


270 
269 
261 
265 


.87 
.84 
.86 
.86 




















20.5 


7.9 




228 


266 


.86 


1.30 




23.3 
23.3 


8.0 
8.0 




223 
215 


268 
276 


.84 

.78 












23.3 


8.0 




219 


272 


.81 


1.31 




21.8 


7.8 




226 


270 


.84 


1.31 




20.5 
21.0 
20.4 


12.1 
11.5 
11.6 




259 
230 
234 


327 
310 
322 


.80 
.74 
.73 




107 
109 








(20.6) 


(11.7) 


(108) 


(241) 


(320) 


(.75) 


(1.62) 


16.6 
14.9 
15.1 
15.4 
15.1 


8.1 
6.9 
7.1 
7.0 
7.0 


99 
96 
95 
94 
91 


247 
194 
212 
228 
225 


306 
271 
270 
291 
295 


.81 
.72 
.79 
.79 
.77 














15.4 


7.2 


95 


221 


287 


.77 


1.37 


15.8 
15.6 
15.2 
15.2 


6.9 
6.7 
6.5 
6.6 


92 
93 


209 
210 
210 
214 


273 
273 
272 
276 


.77 
.77 

.78 
.78 








88 






15.5 


6.7 


91 


211 


274 


.77 


1.31 


15.5 


7.0 


93 


216 


281 


.77 


1.34 



^For Apr. 10 and 17, 1915. 
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METABOLISM DURING WALKING. 



Tabui 4.— ifdoMum qf T. H. H., Mtandmg, in expemnenU wiUunU food, (FaZuet per 

minuU.) 



Date. 


Average 
respira- 
tion- 
rate. 


Average 
pill. 

monaiy 
ventila- 
tion 
(reduced). 


Average 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


1915. 
Feb. 25 


12.5 
12.9 


5.2 
5.0 




c c 
(217) 
199 


e. e. 
221 
227 


(0.98) 
.88 


eaU. 


Averate... 
Mar. 19 










12.7 


5.1 




199 


224 


.89 


1.10 




11.3 
13.5 
13.3 


6.8 
7.5 
7.3 


97 


196 
200 
189 


226 
243 
242 


.87 
.82 

.78 




Arerace. . . 
Mar. 22 




103 






12.7 


7.2 


100 


195 


237 


.82 


1.14 


13.1 
13.0 
13.6 


7.2 
7.0 
7.3 


87 
90 
96 


201 
189 
196 


224 
216 
223 


.90 
.88 
.88 




ATerage. . . 

• 

Gen. av. (3 
days) . . . 








13.2 


7.2 


91 


195 


221 


.88 


1.08 


12.9 


6.5 


96 


196 


227 


.86 


1.11 



Tablb 5. — MetaboUm of W. K., sUmding, in experimenU wiUioul food. (FaZuet per 

mintUe.) 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduced). 


Average 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


1915. 
Feb. 26 


21.3 
23.1 
23.1 


Uien, 
7.0 
6.7 
6.1 




c e. 
185 
179 
176 


c e. 
209 
214 
214 


0.89 
.84 
.83 


eaU. 


Average... 
Mar. 11 














22.5 


6.6 


. 


180 


212 


.85 


1.03 




20.3 
20.9 
22.5 


5.5 
5.8 
6.4 


78 
80 
78 


170 
168 
183 


(281) 
235 
233 


(.61) 
.72 
.79 




Average... 
Mar. 12 








21.2 


5.9 


79 


174 


234 


.74 


1.11 


27.0 1 

26.6 

21.1 


6.7 
6.7 
7.8 




186 
192 
201 


225 
208 
207 


.83 
.93 
.98 




Average. . . 














24.9 


7.1 




193 


213 


.91 


1.05 
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MBTABOLISM DURING WALKING. 



Tadlb 6. — Mtiabolitm of W. X., Mlanding, m experimaUi uritlunU food, {Vabim por 

mintUe, )--Oontiniied. 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduced). 


Average 

pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


1016 
June 6 


20.7 
20.9 
22.0 


lUen. 

9.6 

9.9 

10.3 




e. e. 
181 
201 
199 


e. e. 
233 
260 
247 


0.78 
.81 
.81 


eaU. 


Average.. . 
June 14 














21.2 


9.9 




194 


243 


.80 


1.17 




20.8 
19.8 
18.8 


9.6 
9.3 
8.9 


78 


182 
176 
171 


224 
209 
203 


.81 
.86 
.86 




Average. . . 

Gen. av. 
(Udaya) 




74 






19.8 


9.3 


76 


176 


212 


.88 


1.08 


21.1 


»6.6 


79 


186 


228 


.82 


1.10 



^Maroh 18. and June 2 to 14, inclusive, omitted from average. 

Tablb 0. — MeidboUtm cf B, D. B,, 9tanding, in experimenU without food. (Valuea per 

minuie,) 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduced). 


Average 
pulse- 
rate. 


C^arbon 
dioxide. 


Oxygen. 


Respifm- 

tory 
quotient. 


Heat 
(com- 
puted). 


1916. 
Oct. 4 


11.6 
12.1 
13.3 


liten. 
8.2 
8.3 
8.8 




c e. 
204 
212 
204 


c e. 
237 
266 
260 


0.86 
.80 
.82 


eaU. 


Average... 
Oct, 6 














12.3 


8.4 




207 


261 


.82 


1.21 




13.2 
12.9 
13.1 
12.1 
12.8 


8.4 
8.6 
8.4 
8.3 
8.3 




191 
197 
190 
201 
192 


240 
247 
247 
260 
237 


.80 
.80 
.77 
.80 
.81 


Average... 
Oct. 8 






















12.8 


8.4 




194 


244 


.80 


1.17 




13.3 
13.4 
13.2 
14.7 
13.6 


8.3 
8.2 
8.2 
8.6 
8.2 




190 
192 
191 
190 
186 


239 
236 
262 
246 
230 


.80 
.82 
.76 
.78 
.81 




Average... 
Oct. 9 






















13.6 


8.3 




190 


240 


.79 


1.16 




13.3 
14.1 
14.6 


8.2 
8.6 
8.7 




189 
190 
190 


264 
242 
268 


.74 
.70 
.76 




Average. . . 














14.0 


8.6 




190 


260 


.76 


1.10 
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Tablb 6. — MetaboUtm cf B. D. B., ttanding, in experimenU wiihaui food. (Valuet per 

minnie. )^<!!ontinued. 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduced) 


Avwage 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


1915 
Oct. 11 


14.6 
16.0 
15.2 


liUn. 
8.7 
0.2 
0.2 




e. e. 
100 
206 
107 


e. c 
223 
241 
230 


0.00 

.86 
.86 


eaU. 


Average. . . 
Oct. 13 














14.0 


0.0 




201 


231 


.87 


1.13 




14.4 
14.8 
14.8 


8.2 
8.8 
0.0 




172 
100 
101 


225 
242 
238 


.76 
.70 
.81 


Average.. . 
Oct. 14 














14.7 


8.7 




184 


235 


.78 


1.12 




14.2 
14.4 
14.5 


0.0 
0.0 
8.0 




102 
180 
186 


233 
236 
234 


.82 
.81 
.70 




Average. . . 
Oct. 16 














14.4 

13.0 
16.3 
16.2 


0.0 

8.0 
0.4 
0.2 




180 

183 
187 
181 


234 

231 
231 
228 


.81 

.70 
.81 
.80 


1.13 


— ==-= 


Average. . . 
Oct, 10 














14.8 


0.1 




184 

187 
188 
102 


230 

222 
211 
210 


.80 


1.10 




14.3 
15.0 
16.2 


8.7 
0.4 
0.2 


.84 
.80 
.88 


Average. . . 
Oct. 18 














16.1 


0.1 




180 


217 


.87 

.86 
.84 
.88 


1.06 




16.0 
16.2 
14.0 


0.4 
0.3 
0.2 




204 
188 
106 


238 
226 
224 


Average. . . 
Oct. 10 














16.0 


0.3 




106 


220 


.86 


1.12 




16.0 
16.6 
16.8 


0.3 
0.2 
0.4 




100 
188 
101 


236 
246 
236 


.81 
.77 
.81 




Average. . . 
Oct. 20 














16.8 


0.3 




100 


230 


.80 


1.14 




16.0 
16.1 
16.6 


0.6 

0.4 

10.0 




106 
186 
202 


240 
222 
240 


.82 
.84 
.84 




Average. . . 
Oct. 21 














16.2 


0.7 




106 


234 


.83 


1.13 




16.3 
16.0 
16.2 


0.1 
0.6 
0.5 




186 
104 
180 


220 
232 
216 


.84 
.84 
.88 




Average. . . 














16.8 


0.4 




180 


223 


.86 


1.08 
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Tablb 6. — Metabdliam cf E. D. B., ttandinf, in experiments without food, (Valuee per 

minute, )— Continued. 



Date. 


Average 

reepirar 

tion- 

rate. 


Average 

pul- 
monary 
ventila- 
tion, 
(reduced). 


Average 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respirar 

tory 
quotient. 


Heat 
(com- 
puted). 


1915 
Oct. 22 


16.6 
15.8 
16.0 


liters. 
9.7 
9.2 
9.3 




e, e. 
196 
180 
185 


e. e. 
222 
213 
216 


0.89 
.85 
.86 


cdU. 


Average. . . 
Oct. 23 














16.1 


9.4 




187 


217 


.86 


1.06 




15.4 
16.0 
16.4 


8.8 
9.4 
9.6 




177 
188 
187 


218 
227 
221 


.81 
.83 
.85 




Average. . . 
Oct. 25 














15.9 


9.3 




184 


222 


.83 


1.07 




15.7 
16.5 
16.0 


9.2 
9.7 
9.5 




196 
194 
196 


214 
213 
227 


.92 
.92 
.87 




Average.. . 
Oct. 26 














16.1 


9.5 




195 


218 


.90 


1.07 




17.1 
16.1 
16.4 


9.5 
9.4 
9.6 




189 
186 
183 


217 
212 
224 


.87 
.88 
.82 




Average.*. . 
Oct. 27 














16.5 


9.5 




186 


218 


.85 


1.06 




15.4 
16.7 
15.6 


8.9 
9.4 
9.2 




181 
181 
182 


226 
216 
224 


.80 
.84 
.81 




Average.. . 
Oct. 28 














15.9 


9.2 




181 


222 


.82 


1.07 




15.4 
15.6 
15.7 


8.8 
9.2 
9.3 




182 
187 
194 


215 
229 
224 


.85 
.82 
.87 




Average.. . 
Oct. 29 














15.6 


9.1 




188 


223 


.84 


1.08 




15.2 
15.8 
15.4 


8.6 
9.1 
8.9 




180 
188 
186 


219 
228 
229 


.82 
.«3 
.81 




Average.. . 
Nov. 18 














15.5 


8.9 




185 


225 


.82 


1.09 




14.4 
14.8 
14.6 


6.1 
6.3 
6.2 




183 
182 
181 


207 
206 
205 


.88 
.89 

.88 




Average... 
Nov. 19 














14.6 


6.2 




182 


206 


.88 


1.01 




14.2 
15.3 
14.7 


6.1 
6.3 
6.4 




190 
177 
180 


211 
208 
207 


.90 
.85 
.87 




Average. . . 














14.7 


6.3 




182 


209 


.87 


1.02 
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Tablb 6.-^Meto&o{ifm 0/ B, D. B,, Handing, in experiment vrithovi food. {Vahue per 

nuniite.)— Continued. 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduced). 


Average 
pulfle- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


1016. 
Not. 37 


16.4 
16.1 
16.0 


liteff. 
8.0 
0.4 
0.4 




e. c. 
100 


c e. 
216 
222 
224 


0.03 


eale. 


Average. . . 
Nov. 20 








208 


.03 








16.8 


0.2 




204 


221 


.02 


1.00 




16.7 
16.8 
16.6 


0.3 
0.4 
0.6 


82 


188 
188 
108 


210 
213 
225 


.86 
.80 

.88 




Average. . . 
Nov. 30 












16.7 


0.4 


82 


101 


210 


.87 


1.07 


16.6 
16.1 
16.6 


0.4 
0.3 
0.6 


74 


105 
102 
204 


218 
223 
235 


.00 
.86 
.87 




Average... 
Dee. 21 












16.4 


0.4 


74 


107 


225 


.88 


1.10 


14.7 
15.1 
14.6 


8.7 
0.1 
8.8 




187 
103 
101 


104 
212 
214 


.07 
.01 
.00 




Average. . . 
Dee. 22 


58 










14.8 


8.0 


58 


100 


207 


.02 


1.02 


12.6 
12.0 


7.7 
8.2 




184 
105 


217 
210 


.85 
.80 




Average. . . 
Deo. 31 










12.8 


8.0 




100 


218 


.87 


1.07 




14.6 
15.4 
15.7 


8.0 

0.8 

10.3 




103 
218 
222 


242 
263 
265 


.80 
.83 
.84 




Average. . . 

1016. 
Jan. 3 


71 
78 








15.2 


0.7 


75 


211 


257 


.82 


1.24 


16.0 
15.0 
16.8 


0.5 
0.5 
0.5 




100 
222 
200 


220 
262 
258 


.87 
.85 
.81 




Average.. . 
Jan. 4 














15.6 


0.5 




210 


250 


.84 


1.21 




14.1 
15.1 
15.8 


8.8 

0.6 

10.2 




108 
216 
223 


236 
242 
253 


.84 
.80 

.88 




Average. . . 
Jan.6 














15.0 


0.5 

8.7 
0.4 
0.3 




212 


244 


.87 


1.10 




14.8 
15.6 
16.2 


85 

80 

78 


100 
210 
208 


251 
240 
250 


.70 
.84 
.80 




Average... 








15.5 


0.1 


81 


206 


253 


.81 


1.22 
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Table 6. — Metabolism of E. D, B., ^landing, in experimenU without food. (FaZtiet per 

minute.) — Continiied. 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila^ 

tion 
(reduced). 


Average 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


1916. 
Jan. 31 


15.4 
14.6 
16.1 


liiere. 
9.0 
9.0 
9.6 


95 
89 

88 


e. c 
197 
198 
194 


e. e. 
232 
247 
244 


0.86 
.80 
.80 


eah. 


Average. . . 
Feb. 1 








15.4 


9.2 


91 


196 


241 


.81 


1.16 


16.6 
16.6 
16.9 


9.6 
10.0 
10.1 


96 
95 
93 


220 
221 
217 


277 
267 
261 


.79 
.83 
.83 




Average... 
Feb. 12 








16.3 


9.9 


96 


219 


268 


.82 


1.29 


14.4 
14.9 
16.2 
15.5 
16.6 
16.7 
13.3 
16.7 
15.7 
16.8 


8.8 
9.2 

10.1 
9.4 

10.0 
9.6 
8.2 

10.0 

10.0 
9.6 


66 
77 
79 


191 
196 
207 
206 
210 
206 
208 
226 
217 
214 


244 
240 
261 
266 
267 
264 
243 
268 
246 
288 


.78 
.82 
.79 
.80 
.79 
.78 
.86 
.84 
.89 
.74 


1.17 
1.16 
1.26 
1.22 
1.28 
1.26 
1.18 
1.30 
1.20 
1.36 


Feb. 14 


Feb. 16 


Feb. 16 


Feb. 17 


86 
76 
62 
78 
76 
73 


Feb. 18 


Feb. 19 


Feb. 21 


Feb. 22 


Feb. 23 


Feb. 24 


16.0 
15.4 


9.6 
9.8 


73 
76 


214 
216 


264 
266 


.84 
.86 




Average. . . 
Feb. 26 






15.2 


9.7 


75 


216 


266 


.84 


1.24 


15.8 
16.1 


9.4 
9.7 


71 
71 


208 
210 


238 
268 


.87 
.81 




Average.. . 
Feb. 26 






16.0 


9.6 


71 


209 


248 


.84 


1.20 


16.7 
16.6 


9.1 
9.7 


67 
72 


212 
212 


244 
258 


.87 
.82 




Average. . . 
Feb. 28 






16.1 


9.4 


70 


212 


261 


.84 


1.22 


14.4 
16.2 
16.6 


9.0 
8.9 
9.6 




226 
206 
209 


239 
238 
266 


.94 
.87 
.82 




Average. . . 
Feb. 29 


68 
70 








16.1 


9.1 


69 


213 


244 


.87 


1.19 


16.0 
14.3 
16.1 


9.0 
8.4 
9.0 


69 
66 
69 


182 
183 
186 


226 
229 
237 


.81 
.80 
.78 




Average... 
Mar. 1 








14.8 


8.8 


68 


183 


230 


.80 


1.10 


14.0 
14.6 
14.0 


8.8 
9.1 
8.7 




198 
202 
197 


222 
234 
238 


.89 
.86 
.83 




Average. . . 














14.4 


8.9 




199 


231 


.86 


1.13 





• • • * 

k • . « * 
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Table 6. — Metabolism of E. D, B,, standing, in experiments toiihmU food. {Values per 

mintUe. ) — Continued. 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduced). 


Average 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


1916. 
Mar. 2 


15.7 
16.1 
14.9 
15.5 
16.0 
15.3 


liters. 
9.3 
9.4 
9.0 
9.0 
9.2 
9.2 


78 
78 
80 
81 
82 
76 


e. c. 
202 
192 
198 
187 
185 
192 


c. e. 
236 
239 
244 
229 


0.86 
.81 
.81 
.82 


eals. 


Average. . . 
Mar. 3 










243 


.79 






15.6 


9.2 


79 


193 


238 


.81 


1.16 


15.0 
15.7 
16.1 
15.9 
15.8 
15.9 


8.7 
9.3 
9.5 
9.3 
9.2 
9.2 


76 
74 
76 
71 
76 
73 


186 
194 
197 
191 
185 
186 


240 
244 
241 
246 
233 
241 


.78 
.80 
.82 
.78 
.80 
.78 




Average. . . 
Mar. 20 














16.7 


9.2 


74 


190 


241 


.79 


1.15 


14.8 
16.0 
16.4 


9.4 
9.8 
9.6 


80 
82 
81 


219 
216 
206 


276 
272 
259 


.80 
.79 
.80 




Average.. . 
Mar. 22 








15.7 


9.6 


81 


213 


269 


.79 


1.29 


15.6 
16.5 
16.2 


9.0 
9.4 
9.2 


83 
81 
79 


201 
206 
201 


248 
255 
258 


.81 
.81 
.78 




Average.. . 
Mar. 23 








16.1 


9.2 


81 


203 


254 


.80 


1.22 


16.1 
15.9 
16.1 


9.2 
9.0 
9.0 


77 
73 
73 


201 
196 
196 


249 
251 
252 


.81 
.78 
.78 




Average.. . 
Mar. 24 








16.0 


9.1 


74 


198 


251 


.79 


1.20 


16.2 
16.6 
15.9 


9.1 
9.7 
9.1 


77 
76 
74 


216 
210 
200 


242 
204 
256 


.89 
.82 
.78 




Average . . . 
Mar. 29 








16.2 


9.3 


76 


211 


254 


.83 


1.23 


15.4 
15.9 
16.1 


8.9 
9.2 
9.4 


79 
82 
83 


201 
200 
204 


255 
267 
272 


.79 
.75 
.76 




Average.. . 
Mar. 30 








15.8 


9.2 


81 


202 


265 


.76 


1.26 


16.5 
15.8 
16.5 


9.4 
9.1 
9.6 


84 
83 
83 


200 
198 
200 


243 
251 
251 


.83 
.79 
.80 




Average.. . 








16.3 


9.4 


83 


199 


248 


.80 


1.19 
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Tabub fi.-^Metabolisin of E. D. B., tUmding, in experimenU without food. (Faluet per 

minuU, ) — Ck>ntinued. 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduced). 


Average 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


1916. 
Mar. 31 


16.9 
16.6 
16.2 


liier$. 
9.1 
9.6 
9.4 


79 
81 
78 


c. e. 
201 
202 
193 


e. e. 
242 
256 
248 


0.84 
.79 
.80 


eal9. 


Average... 
Apr. 1 








16.2 


9.3 


79 


199 


247 


.81 


1.19 


16.2 
16.4 
16.7 


9.0 
9.4 
9.4 


82 
80 
79 


199 
198 
194 


238 
235 
241 


.84 
.86 
.81 




Average. . . 
Apr. 3 








16.4 


9.3 


80 


197 


238 


.83 


1.16 


16.2 
16.9 
16.8 


9.3 
9.3 
9.3 


77 
76 
76 


212 
205 
201 


248 
245 
247 


.86 
.84 
.81 




Average... 
Apr. 4 








16.6 


9.3 


76 


206 


247 


.88 


1.19 


16.4 
16.6 
16.9 


9.2 
9.0 
9.3 


84 
81 
85 


200 
194 
195 


237 
224 
239 


.84 
.87 
.82 




Avwage... 
Apr. 6 








16.6 


9.2 


83 


196 


233 


.84 


1.13 


16.7 
16.7 
16.3 


9.1 
9.1 
9.3 


91 
90 
90 


202 
188 
194 


247 
239 
250 


.82 
.79 
.78 




Average... 
Apr. 6 








16.9 


9.2 


90 


195 


246 


.80 


1.18 


16.1 
16.7 
16.3 


9.0 
9.2 
9.4 


89 
86 
83 


203 
195 
196 


267 
238 
237 


.79 
.82 
.83 




Average... 
Apr. 7 








16.7 


9.2 


86 


198 


244 


.81 


1.17 


14.8 
14.9 
16.4 


8.8 
8.9 
9.0 


79 
79 
82 


186 
200 
194 


238 
246 
242 


.78 
.82 
.80 




Average. . . 
Apr. 8 








16.0 


8.9 


80 


193 


242 


.80 


1.16 


16.3 
15.2 
15.2 


9.4 
9.0 
9.0 


81 
79 
79 


224 
204 
195 


251 
241 
240 


.89 
.85 
.82 




Apr. 10 








15.2 


9.1 


80 


208 


244 


.85 


1.19 


14.8 
16.4 


9.0 
9.3 


80 
82 


214 
216 


233 
237 


.92 
.91 




Average. . . 






16.1 


9.2 


81 


215 


235 


.91 


1.16 
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Table 6. — MeiaboUtm oj ^- •D* ^-t 9iandxng^ in experimenU without food. (YaliteB per 

minute.) — Continued. 



Date. 


Average 
respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduoed). 


Average 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


1916. 
Apr. 11 


16.1 
14.8 
16.1 


Uten. 
8.0 
8.9 
9.1 


84 
77 
82 


e. c 
207 
202 
199 


e. e. 
228 
241 
249 


0.91 
.84 
.80 


eaU. 


Average.. . 
Apr. 12 








16.0 


9.0 


81 


203 


239 


.86 


1.16 


16.5 
15.6 
16.6 


9.1 
9.0 
9.4 


86 
86 
79 


200 
191 
202 


246 
246 
270 


.82 
.78 
.76 




Average... 
Apr. 13 








15.5 


9.2 


84 


108 


264 


.78 


1.21 


15.8 
15.6 
16.0 


9.2 
9.2 
9.6 


83 
82 
80 


203 
201 
211 


232 
238 
262 


.88 
.87 
.84 




Average... 
Apr. 14 








16.8 


9.3 


82 


205 


239 


.86 


1.17 


15.1 
16.4 
16.8 


9.0 
8.9 
9.2 


80 
82 
82 


218 
200 
204 


246 
233 
236 


.89 
.86 
.87 




Average. . . 
Apr. 16 






16.4 


9.0 


81 


207 


238 


.87 


1.16 


16.5 
15.9 
16.0 


9.2 
9.3 
9.3 


80 
81 
81 


203 
201 
197 


242 
236 
241 


.84 
.86 
.82 


Average. . . 

Gen. av. 
(71 days) 








16.8 


9.3 


81 


200 


239 


.84 


1.16 


16.4 


9.1 


78 


199 


240 


.83 


1.16 



Tabub 6a. — Averoffe hody^emperatwre and bhod-pressure of E. D. B., standing, in experir 

menta without food. (Values per minute.) 



Date. 


Aver- 
age 
body- 
tem- 
pera- 
ture. 


Date. 


Aver- 
age 
body- 
tem- 
pera- 
ture. 


Blood- 
pres- 
sure. 


Date. 


Aver- 
age 
body- 
tem- 
pera- 
ture. 


Blood- 
pres- 
sure. 


1916. 
Jan. 6 


•c. 

36.89 
36.94 
36.89 


1916. 
Jan. 31 

Average.. . 


37.26 
37.22 
37.19 


mm. 


1916. 
Feb. 1 


•c. 

37.29 
37.27 
37.19 


mm. 


Average... 


Average.. . 

Feb. 12 

Feb. 14 


36.91 


37.22 




37.26 




36.80 
37.10 
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Tabu 9a.—At&nge bodv-lemperahira and btaod-prtimn rf E. D. B., ikmibtg, wi axatri- 
merUi mtJund food. (Valvei per miRWe.)— Coatinued. 
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Tabls l.—MelaboUtm c/ J. H. O., B. L. F., and H, M, 8., itanding, in experimmUa wiihaui 

food, (Values per minute!) 



Date. 


respira- 
tion- 
rate. 


Average 

pul- 
monary 
ventila- 
tion 
(reduced). 


Average 
pulse- 
rate. 


Carbon 
dioxide. 


Oxygen. 


Respira- 
tory 
quotient. 


Heat 
(com- 
puted). 


J. H. G. 
1916. 
Jan. 18 


13.4 
16.1 
17.7 


liters. 

9.5 

10.5 

11.5 


113 
120 


e. e, 
225 
228 
243 


e. e. 
269 
284 
310 


0.84 
.80 
.79 


cole. 


Average. . . 
Jan. 19 










15.7 


10.5 


117 


232 


288 


.81 


1.39 


15.0 
16.2 
16.5 


9.3 
10.3 
10.6 




208 
191 
217 


271 
262 
280 


.77 
.73 
.78 




Average... 
Jan. 20 


106 










15.9 


10.1 


106 


205 


271 


.76 


1.29 


16.6 
17.4 
17.5 


11.0 
11.4 
11.5 


102 


226 
226 
222 


278 
267 
285 


.82 
.85 
.78 




Average. . . 

Gen. av. (3 
days) . . . 

E.L,F. 
Jan. 21 . . . 




109 






17.2 


11.3 


106 


225 


277 


.81 


1.33 


16.3 


10.6 


110 


221 


279 


.79 


1.34 


12.8 
16.8 
15.7 


9.4 
10.7 
10.4 


97 

100 

93 


230 
219 
217 


295 
293 
264 


.78 
.75 
.82 




Average... 
Jan. 22 








15.1 


10.2 


97 


222 


284 


.78 


1.36 


11.8 
11.8 
13.7 


9.8 
9.4 
9.6 




241 
228 
216 


269 
249 
253 


.90 
.92 
.86 




Average... 
Jan. 24 














12.4 


9.6 




228 


257 


.89 


1.26 




18.1 
17.2 
17.3 


11.5 
12.0 
12.6 


112 
119 
117 


205 
220 
241 


249 
250 
263 


.83 
.88 
.92 




Average. . . 

Gen. av. (3 

days) ... 

H. M. S. 

Jan. 25 








17.6 


12.0 


116 


222 


254 


.87 


1.24 


15.0 


10.6 


107 


224 


265 


.85 


1.29 


17.8 
17.0 
16.6 


10.3 
9.9 
9.9 


97 
97 
98 


183 
179 
189 


226 
248 
241 


.81 
.73 
.79 




Average.. . 
Jan 26 






17.1 


10.0 


97 


184 


238 


.77 


1.13 


17.0 
16.4 
16.8 


9.9 

9.9 

10.1 


86 

87 
86 


182 
184 
186 


242 
237 
224 


.76 
.78 
.83 




mWUMm ml\f t ......... 

Average. . . 

QeiuAT. (2 
daya) ... 








16.7 


10.0 


86 


184 


234 


.79 


1.12 


16.9 


10.0 


92 


184 


236 


.78 


1.13 
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Tabub 8. — MitabdUim qf A, J. 0, and H. R. R, during horimmial walking in experimenU 

vnihoul food, (Valtte$ per minute,) 



Date. 


Dis- 
tance. 


Aver- 
age 
reepira- 
tion- 
rate. 


Avcrw 

age 

pul- 
monary 
venti- 
lation 

(re- 
duced). 


Aver- 
age 
pulse- 
rate. 


No. of 
steps. 


Car- 
bon 
di- 
oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


A. J. 0. 

1915. 

Feb. 15 


metera. 
>63.1 


24.2 


liters. 
13.8 






e. e, 
585 


e. e. 
672 


0.87 


eaU. 
3.28 


Feb. 24 






63.1 
63.8 


23.7 
24.5 


19.3 
14.9 




96.9 
96.8 


627 
619 


758 
750 


.83 
.83 


3.67 
3.63 


Average.. 
Mar. 2 

Average 

Gen. av. (3 
days) 

H. R. R. 

1915. 

Mar. 20 

Average 

Mar. 27 

Average 

Apr. 3 


63.5 


24.1 


17.1 




96.0 


623 


754 


.83 


3.65 


63.8 
60.7 
63.6 


22.2 
22.5 
25.4 


14.5 
14.0 
19.6 


• ■#•■•• 


98.7 
93.8 
97.9 


635 
584 
598 


735 
694 
665 


.87 
.84 
.90 


3.58 
3.37 
3.27 


62.7 


23.4 


16.0 




96.8 


606 


698 


.87 


3.41 


63.1 


23.9 


15.6 




96.9 


605 


708 


.85 


3.45 


67.7 
64.5 


18.1 
18.1 


16.8 
15.6 


115 
126 


105.4 
102.2 


812 
740 


1,017 
936 


.80 
.79 


4.88 
4.48 


66.1 


18.1 


16.2 


121 


103.8 


776 


977 


.80 


4.69 


65.8 
67.2 
67.5 


17.4 
18.0 
18.3 


16.5 
16.1 
16.2 


106 
107 
111 


102.8 
102.6 
102.4 


756 
724 
725 


888 
896 
908 


.85 
.81 
.80 


4.32 
4.31 
4.36 


66.8 


17.9 


16.3 


108 


102.6 


735 


897 


.82 


4.33 

4.05 
4.10 
4.12 


60.9 
60.5 
60.0 


15.5 
17.8 
18.4 


15.0 
15.1 
15.7 


104 
110 
113 


95.2 
95.0 
95.6 


604 
688 
688 


837 
852 
857 


.83 
.81 
.81 


Average 

Apr. 10 


60.5 


17.2 


15.3 


109 


95.3 


690 


849 


.81 


4.09 


61.1 


17.9 


16.0 


101 


99.0 


718 


887 


.81 


4.27 


Apr. 17 


60.0 
59.9 


16.6 
16.1 


14.0 
14.4 


100 


98.4 
97.8 


667 
664 


799 


.83 
.83 


3.87 
«3.87 


Average 

Apr. 24 


60.0 


16.4 


14.2 


100 


08.1 


666 


799 


.83 


3.87 

3.87 
3.76 
3.76 
3.82 


61.8 
60.2 
60.6 
60.1 


16.6 
17.2 
18.2 
17.7 


14.3 
14.1 
13.9 
13.9 


96 
97 
97 
96 


99.2 
05.0 
94.8 
96.0 


647 
629 
616 
620 


807 
781 
785 
796 


.80 
.81 
.79 
.80 


Average 

Gen. av. (6 
days) 


60.7 


17.4 


14.1 


97 


98.3 


628 


792 


.80 


3.80 


62.5 


17.5 


15.4 


106 


99.5 


702 


867 


.81 


4.17 



K^omputed from averages for Feb. 24 and Mar. 2. 

^Computed from the carbon dioxide for the period and the respiratory quotfent for th« day. 
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Tablb 11. — Melaboium of E, D, B. during horwnUal walking in experimenU vriihotU food, 

(ValueM per ntuiiite.) 



Date. 


Dis- 
tance . 


Aver- 
age 
respira- 
tion- 
rate. 


Aver- 
age 
pul- 
monars 
venti- 
lation 
(re- 
duced) 


Aver- 
r age 
pulse- 
rate. 

> 


No. of 
steps. 


Car- 
bon 
di- 
oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


1015. 
Oct. 9 


tneien. 
57.8 
56.4 


18.0 
19.6 


liUrt, 
16.4 
16.2 




94.2 
91.8 


e. e. 
534 
516 


e. e. 
710 
659 


0.75 
.78 


eaU. 

3.36 

3.15 


Average 

Oct. 11 


57.1 


18.8 


16.3 




93.0 


525 


685 


.77 


3.26 


56.3 
53.7 


19.5 
20.0 


17.6 
15.4 




89.0 
96.8 


535 

484 


610 
625 


.88 
.77 


2.99 
2.98 


Average.. . . 
Oct. 13 


55.0 


19.8 


16.5 




92.9 


510 


618 


.83 


2.99 


55.8 


17.0 


15.1 




87.0 




611 


».80 


2.93 


Oct. 14 


55.3 
54.2 
54.1 


19.5 
20.6 
20.2 


16.7 
16.9 
16.8 




88.4 
88.2 
87.8 


462 
458 
467 


585 
600 
612 


.79 
.76 
.76 


2.80 
2.85 
2.91 


Average 

Oct. 16 


54.5 


20.1 


16.8 




88.1 


462 


599 


.77 


2.85 


55.4 
54.3 
53.6 


18.6 
17.9 
15.5 


16.4 
15.8 
14.8 


-1 


88.9 
88.1 
89.4 


470 
458 
469 


575 
593 
609 


.82 
.77 
.77 


2.77 
2.83 
2.90 


Average.... 
Oct. 16 


54.4 


17.3 


15.7 




88.8 


466 


592 


.79 


2.84 


65.2 
64.9 
65.0 
64.9 


16.3 
19.7 
17.6 
19.1 


16.5 
18.0 
16.6 
17.3 




98.0 
97.4 
97.6 
97.4 


539 
529 
511 
517 


600 
618 
633 
624 


.90 
.86 
.81 
.83 


2.95 
3.01 
3.05 
3.02 


Average.... 
Oct. 18 


65.0 


18.2 


17.1 




97.6 


524 


619 


.85 


3.01 


63.4 
64.5 
64.4 
64.8 


12.2 
15.2 
16.0 
17.0 


11.9 
12.9 
13.0 
13.3 




96.6 
97.2 
94.4 
97.4 


528 
538 
535 
539 


582 
615 
600 
614 


.91 

.87 
.89 
.88 


2.87 
3.01 
2.95 
3.01 


Average .... 
Oct. 19 


64.3 


15.1 


12.8 




96.4 


535 


603 


.89 


2.96 


64.6 
64.1 
63.9 
64.5 


15.9 
17.7 
18.3 
18.7 


12.7 
13.1 
13.0 
13.2 




97.0 
96.4 
96.4 
96.2 


522 
513 
499 
515 


591 
658 
617 
669 


.88 
.78 
.81 
.77 


2.90 
3.14 
2.97 
3.19 


Average.... 


64.3 


17.7 


13.0 




96.5 


512 


634 


.81 


3.05 


Oct. 20 


64.6 
64.4 
64.7 
64.5 
64.7 


16.7 
17.8 
19.6 
20.3 
20.9 


13.6 
13.7 
14.1 
13.9 . 
14.1 . 




97.4 
97.0 
97.8 
97.8 
98.2 


542 
537 
532 
523 
530 


610 
647 
644 
645 
642 


.89 
.83 
.83 
.81 
.83 


3.00 
3.13 
3.12 
3.10 
3.11 




Average.... 


64.6 


19.1 


13.9 . 




97.6 


533 


638 


.84 


3.09 



^Assumed. 
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Table 11.— AfetoMitm of E. D. B. during horimmUd vfoikinq in txperimenU wUhaut food. 

(Values per mtniite.) — Continued. 



Date. 



1015. 
Not. 19... 



Average 
Nov. 22 



Average 
Nov. 23 



Average 
Nov. 24 



Average 
Nov. 26 



Average 
Dec. 1 



Average 
Dec. 2 



Average 
Dec. 3 



Average 
Dec. 4 



Average. 



Dis- 
tance. 



meteri. 
76.5 
77.7 
77.9 
78.4 
78.9 



77.9 



48.0 
47.3 

46.8 



47.4 



55.5 
53.9 
54.9 



54.8 



57.7 
57.6 
57.1 



57.5 



65.3 
66.2 
66.2 



65.9 



74.9 
76.4 
77.3 



76.2 



71.3 
71.8 
71.8 



71.6 



70.5 
71.2 
72.1 



71.3 



47.5 
46.6 
45.9 



46.7 



Aver- 
age 
reepira- 
tion- 
rate. 



19.7 
22.9 
22.6 
23.2 
23.8 



22.4 



20.0 
20.1 
19.6 



19.9 



20.7 
21.2 
21.5 



21.1 



21.6 
21.8 
21.1 



21.5 



20.2 
19.8 
22.8 



20.9 



19.5 
21.0 
21.6 



20.7 



20.6 
21.4 
22.2 



21.4 



21.3 
22.3 
23.1 



22.2 



19.3 
18.7 
19.2 



19.1 



Aver- 
age 

pul- 
monary 
venti- 
lation 

(re- 
duced). 



liiert. 
14.2 
15.4 
14.7 
14.6 
14.9 



14.8 



12.0 
11.8 
11.5 



11.8 



12.2 
12.7 
12.5 



12.5 



13.2 
13.3 
13.4 



13.3 



11.7 
11.6 
12.4 



11.9 



13.8 
15.0 
15.0 



14.6 



13.5 
14.1 
13.7 



13.8 



13.5 
13.5 
14.3 



13.8 



11.1 
11.0 
12.1 



11.4 



Aver- 
age 
pulse- 
rate. 



66 



66 



82 
87 
87 



85 



79 
81 
82 



81 



82 
86 



84 



No. of 
steps. 



104.8 
104.3 
103.0 
104.6 
104.0 



104.1 



82.2 
80.2 
79.8 



80.7 



89.2 
86.2 
87.8 



87.7 



90.4 
89.6 
90.0 



90.0 



98.2 
99.2 
97.6 



98.3 



105.0 
104.8 
106.2 



105.3 



101.8 
101.8 
101.8 



101.8 



103.2 
101.1 
101.3 



101.9 



79.4 
79.2 
78.4 



79.0 



Car- 
bon 
di- 
oxide. 



e. e. 
532 
549 
529 
535 
546 



538 



422 
416 
406 



415 



445 
432 
440 



439 



460 
447 
445 



451 



519 
527 
515 



520 



599 
599 
575 



591 



549 
539 
522 



537 



550 
532 
526 



536 



415 
395 
394 



401 



Oxy- 
gen. 



e. c. 
630 
672 
665 
670 
676 



663 



484 
486 
478 



483 



491 
491 
495 



492 



490 
500 
502 



497 



546 ^ 

559 

564 



556 



627 
657 
647 



644 



579 
596 
585 



587 



597 
606 
609 



604 



449 
448 
459 



452 



pira- 
tory 
quo- 
tient. 



0.85 
.82 
.80 
.80 
.81 



.82 



.87 
.86 
.85 



.86 



.90 
.88 
.89 



.94 
.80 
.89 



.91 



.95 
.94 
.91 



.93 



.96 
.91 
.89 



.92 



.95 
.90 

.89 



.91 



.92 
.88 
.80 



.89 



.93 
.88 
.86 



Heat 
(com- 
puted.) 



edU, 

3.06 

3.24 

3.19 

8.22 

3.25 



3.20 



2.37 
2.37 
2.32 



2.35 



2.42 
2.41 
2.43 



2.42 

2.44 
2.46 
2.47 



2.45 

2.72 
2.78 
2.78 



2.76 



8.13 
3.24 
8.18 



3.19 



2.89 
2.93 
2.87 



2.90 



2.95 
2.06 
2.97 



2.96 



2.28 
2.20 
2.34 



8.21 
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Tablb 11. — Metabolitm of B. D. B. dtaring horiwontal walkinq in experimenU without food 

{Valuei per minute.) — Continuea. 



Date. 


Dis- 
tance. 


Aver- 
age 
respira- 
tion- 
rate. 


Aver^ 

age 

pul- 
monary 
venti- 
lation 

(re- 
duced). 


Aver- 
age 
pulse- 
rate. 


No. of 
steps. 


Car- 
bon 
di- 
oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


1016. 
Apr. 1 


tnet€r8. 
53.4 
51.7 
50.4 


21.7 
21.1 
21.3 


liters, 
13.5 
12.0 
12.3 


71 




c. e. 
472 
451 
445 


e. e. 
547 
540 
536 


0.86 
.83 
.83 


edU, 
2.67 
2.61 
2.50 


Average .... 
Apr. 8 


80 




51.8 


21.4 


12.0 


76 




456 


541 


.84 


2.62 


35.1 
35.7 
36.7 


10.3 
10.8 
18.8 


11.7 
11.7 
11.0 


68 
70 
75 




401 
406 
301 


443 
464 
464 


.00 
.87 
.84 


2.18 
2.27 
2.25 


A wage .... 
Apr. 4 


35.8 


10.3 


11.5 


71 




300 


457 


.87 


2.23 


35.0 
37.0 
37.0 


10.4 
10.0 
18.0 


11.6 
11.0 
10.8 


60 
74 
73 




305 
385 
378 


475 
466 
488 


.83 
.83 
.78 


2.30 
2.25 
2.33 


Average 

Apr. 6 


36.6 


10.1 


11.1 


72 




386 


476 


.81 


2.20 


77.4 
76.5 
70.3 


21.4 
23.1 
22.7 


10.7 
15.5 
15.8 


87 
02 
06 




508 
580 
600 


732 
708 
726 


.82 

.82 
.83 


3.53 
3.42 
3.51 


Average .... 
Apr. 10 


77.7 


22.4 


17.0 


02 




503 


722 


.82 


3.48 


78.7 
77.1 


22.2 
24.0 


17.0 
10.4 






670 
654 


722 
722 


.04 
.01 


3.50 
8.56 


Average 

Apr. 11 


88 




77.0 


23.1 


18.7 


88 




667 


722 


.02 


3.57 

4.47 
4.14 
4.10 


05.0 
02.0 
80.0 


21.2 
24.3 
24.0 


20.1 
10.7 
18.0 


01 

00 

104 




700 
743 
707 


014 
845 
845 


.87 
.88 
.84 


Average. . . . 
Apr. 13 


02.3 


23.5 


10.6 


08 




750 


868 


.86 


4.24 


80.2 
80.0 
86.6 


22.0 
25.1 
23.3 


18.8 
18.6 
17.6 


86 
02 




731 
705 
677 


001 
868 
840 


.81 
.81 
.81 


4.34 
4.18 
4.04 


Average 

Apr. 13 






88.3 


23.8 


18.3 


80 




704 


870 


.81 


4.10 


00.7 
07.7 
04.0 


24.4 
23.5 
26.2 


20.0 
20.2 
10.7 


05 
102 
103 




810 
812 
762 


028 
042 
877 


.88 
.86 
.87 


4.55 

4.50 
4.20 


Average 

Gen. av. (61 
dasrs) 


07.4 


24.7 


20.3 


100 




708 


016 


.87 


4.48 


62.2 


20.3 


14.0 


" 


03.0 


508 


505 


.85 


2.80 
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METABOLISM DURING WALKING. 



Tablb 12.— Metabolum of J. H, O,, E. L. F., and H, M. 8. durinq koHwonUd walking in 

experimenU wUhout food. (Values per minute.) 



Date. 


Dis- 
tance. 


Aver^ 
age 

respira- 
tion- 
rate. 


Av'age 

pul- 
monary 
venti- 
lation 

(re. 
duoed). 


Aver- 
age 
pulse- 
rate. 


No. of 
steps. 


Car- 
bon 
di- 
oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


J. H. G. 

1916. 

Jan. 18 


meUrM. 
66.3 
66.2 
64.6 


18.2 
18.4 
17.6 


lUen. 
13.6 
13.2 
12.6 


96 
98 
98 


83.8 
90.6 
90.0 


e. e. 
678 
666 
641 


e. e. 
743 
724 
713 


0.78 
.77 
.76 


eaU. 
3.66 
3.46 
3.39 


Average 

Jan. 19 


66.0 


18.0 


13.1 


97 


88.1 


668 


727 


.77 


3.46 


66.3 
66.1 
63.8 


17.7 
19.7 
20.4 


13.7 
17.3 
17.9 


89 


88.9 
106.2 
108.8 


663 
638 
621 


689 
721 
699 


.81 
.76 
.76 


3.31 
3.42 
3.31 


Average. . . . 
Jan. 20 


64.7 


19.3 


16.3 


89 


101.0 


637 


703 


.76 


3.34 


66.9 
66.6 
63.6 


18.6 
19.6 
20.2 


17.6 
17.6 
17.8 


93 
94 
97 


89.7 

96.2 

106.4 


676 
646 
660 


686 
698 
678 


.84 
.78 
.81 


3.33 
3.33 
3.26 


Average 

Gen. av. (3 
days) .... 

E. L. F. 
Jan. 21 


66.0 
64.9 


19.6 
18.9 


17.7 
16.7 


96 
94 


97.1 
96.4 


667 
661 


687 
706 


.81 
.78 


3.31 
3.37 


62.6 
62.3 
62.6 


16.0 
18.1 
19.4 


18.0 
13.9 
14.2 


87 
86 
90 


90.6 
90.4 
89.8 


638 
649 
641 


804 
711 
716 


.80 
.77 
.76 


3.86 
3.39 
3.40 


Average 

Jan. 22 


62.4 


17.8 


16.4 


88 


90.3 


676 


743 


.78 


3.66 


63.6 
62.6 
62.3 


7.9 
6.2 
6.4 


14.4 
13.1 
13.1 


87 
92 
93 


96.6 
93.2 


618 
680 
689 


688 
703 
683 


.90 
.86 


3.39 
3.40 
3.33 


Average 

Jan. 24 


62.8 


6.8 


13.6 


91 


94.9 


696 


691 


.86 


3.37 


49.6 
49.2 
48.4 


6.4 
6.4 
6.4 


13.3 
13.7 
13.8 


97 
101 
101 


96.9 

100.8 

90.4 


662 
641 
638 


681 
676 
666 


.81 
.80 
.81 


3.28 
3.24 
3.21 


Average.. .. 
Gen. av. (3 
days) .... 

H. M. 8. 

Jan. 26 


49.1 
61.4 


6.4 
10.0 


13.6 
14.2 


100 
93 


96.7 
93.6 


644 
672 


674 
703 


.81 
.81 


3.24 
3.38 


44.6 
42.2 
41.6 


16.6 
17.9 
18.1 


12.4 
11.9 
11.9 


* "92 
93 


79.2 
76.2 
76.0 


476 
449 
429 


626 
684 
694 


.76 
.77 
.72 


2.97 
2.78 
2.79 


Average. . . . 
Jan. 26 


42.8 


17.6 


12.1 


93 


77.1 


461 


601 


.76 


2.86 


63.6 
62.7 
62.3 


16.4 
17.3 
19.3 


12.7 
12.7 
12.8 


" '88* 


90.4 
77.2 
83.2 


626 
496 
479 


666 
647 
644 


.79 
.77 
.74 


3.18 
3.07 
3.04 


Average. . . . 
Gen.av. (2 days) 


62.8 
47.8 


17.3 
17.4 


12.7 
12.4 


88 
91 


83.6 
80.4 


600 
476 


662 
627 


.77 
.76 


3.11 
2.98 
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MBTABOUSM DURING WALKING. 



Table 15. — Metabolum of W, K. during grade walking in experimenit wiUwutfood. {Vol 

per mmuie.) — Continued. 



Date. 


Grade. 


Dia- 
tance. 


Aver- 
age 

respi- 
ration- 
rate. 


Aver- 
ago 

pul- 
monary 
venti- 
lation 

(re- 
duced). 


Aver- 
age 
pulse- 
rate. 


No.<tf 
stepa. 


Car- 
bon 
di- 

oxide. 


Oxy- 
gen. 


Ree- 

pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


1915. 
Apr. 12 


p.cL 


50.5 
59.8 
59.1 
59.1 
57.9 
58.1 
58.0 


24.4 

24.3 

25.3 

25.5 

24.5- 

24.3 

23.9 


HUT9. 

18.5 
19.7 
18.0 
19.6 
17.2 
17.5 
18.9 


118 

126 
125 
130 


107.6 
107.4 
106.0 
103.6 
101.8 
104.8 
107.2 


833 
846 
708 
809 
815 
801 
806 


1,025 
1,036 
1,014 
1,044 
1,029 
1,093 
1,022 


0.82 
.82 
.79 
.78 
.79 
.74 
.79 


4.95 
5.00 
4.86 
4.99 
4.03 
5.15 
4.89 


Average. . 
Apt, 13 




10.5 


58.8 


24.6 


18.5 


125 


105.5 


815 


1,038 


.79 


4.97 




58.6 
58.2 
58.3 


24.8 
24.4 
24.9 


18.5 
18.0 
17.5 




106.8 
105.2 
103.6 


801 
814 
820 


1,076 
982 
981 


.75 
.83 
.84 


5.10 
4.75 
4.76 


Average.. 
Apr. 14 




10.5 


58.4 


24.7 


18.0 




105.2 


812 


1,013 


.80 


4.86 




63.9 
64.5 
64.5 
64.9 
65.0 


26.3 
26.5 
27.1 
26.9 
26.5 


21.8 
21.4 
21.2 
19.6 
19.6 




112.0 
111.2 
110.0 
108.2 
106.6 


931 
921 
902 
921 
900 


1,041 
1.069 
1,051 
1,112 
1,073 


.90 
.86 
.86 
.83 
.84 


5.13 
5.21 
5.12 
5.38 
5.20 


Average.. 
Apr. It 




10.5 


64.6 


26.7 


20.7 




109.6 


915 


1,060 


.86 


5.21 




64.1 
64.1 
64.4 
64.1 
64.4 
64.9 
65.2 


26.2 
26.1 
26.8 
26.7 
26.9 
27.0 
27.5 


18.7 
19.1 
19.2 
18.7 
18.9 
18.7 
19.2 


112 
120 
125 
130 
133 
137 
139 


106.4 
105.8 
107.4 
108.4 
106.8 
108.0 
108.2 


904 
893 
871 
871 
869 
858 
880 


1,063 
1,016 
1,150 
1,045 
1,047 
1,077 
1,076 


.85 
.88 
.76 
.84 
.83 
.80 
.82 


5.17 
4.98 
5.46 
5.06 
5.07 
5.17 
5.19 


Average.. 
Apr. 20 




10.3 


64.5 


26.7 


18.9 


128 


107.3 


878 


1,068 


.82 


5.15 




69.2 
69.6 


26.2 
26.8 


19.9 
19.6 


114 
118 
123 
125 
125 
127 
131 


110.8 
111.0 


951 
943 


1,207 
1,217 


.79 

.78 


5.78 
5.81 


Average.. 
Apr. 21 


• ••••• 




69.1 
69.3 
69.2 
69.7 


27.2 
27.4 
27.5 
27.4 


18.6 
19.4 
18.8 
18.6 


108.9 
110.8 
110.8 
112.6 


884 
958 
879 
906 


(1.374) 
1,121 
(1.349) 
1,277 


(.65) 
.86 

(.65) 
.71 


»5.41 
5.46 
5.38 
5.99 


10.5 


69.4 


27.1 


19.1 


123 


110.8 


920 


1,206 


.76 


5.73 




70.0 
70.0 
70.1 
71.6 
72.0 


27.1 
27.0 
28.3 
28.2 
29.4 


22.6 
21.8 
22.9 
22.3 
22.9 


106 
111 
115 
112 
113 


111.2 
111.4 
111.2 
112.4 
111.8 


946 
931 
978 
940 
966 


1,158 
1,226 
1,182 
(1,499) 
1,154 


.82 
.76 
.83 
(.63) 
.84 


5.59 
5.83 
5.72 
^5.59 
5.60 


Avefage. . 




10.5 


70.7 


28.0 


22.5 


111 


111.6 


952 


1,180 


.81 


5.68 



K^ompitted from tbe carbon dioxide for the period and the average of the respiratory quotients 
or the day. 
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METABOLISM DURING WALKING. 



Table 15. — MdaboUtm of W. K, during grade toalking in experimenU vriUunU food. (Val^ 

lies per miniUe,) — Continued. 



Date. 


Grade. 


Dis- 
tance. 


Aver- 
age 
respi- 
ration- 
rate. 


Aver^ 
age 
pul- 
monary 
venti- 
lation 

(WH 

duced). 


Aver- 
age 
pulse- 
rate. 


No. of 
steps. 


Car- 
bon 
di- 
oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


1915. 
Aor. 30 


p.et. 


meters. 
77.7 
78.8 
79.9 
80.2 
80.9 
81.3 


28.2 

29.2 

29.0 

29. 2» 

29.1 

29.5 


liierB, 
23.6 
24.1 
24.4 
24.3 
24.1 
24.4 


"iio* 

124 
124 
125 
130 


117.4 
119.0 
119.8 
119.6 
119.8 
120.6 


c e, 
1,047 
1,075 
1,118 
1,105 
1,090 
1,106 


e. c 
1,253 
1,297 
1,335 
(1.516) 
1,387 
1,418 


0.84 
.83 
.84 

(.73) 
.79 
.78 


ealt. 
6.08 
6.27 
6.47 
>6.50 
6.64 
6.77 


Average.. 
May 4 




10.5 


79.8 


29.0 


24.2 


124 


119.4 


1,090 


1,338 


.81 


6.44 




77.0 
78.1 
78.4 
78.6 
79.1 
79.3 


28.2 
27.4 
27.5 
26.8 
27.6 
27.7 


22.3 
21.7 
21.4 
22.0 
21.3 
21.6 




117.2 
117.2 
118.0 
117.6 
119.2 
119.0 


1,083 
1,078 
1,080 
1,104 
1,094 
1,115 


1,277 
1,363 
1,272 
1,267 
1,463 
1,321 


.85 
.79 
.85 
.87 
.75 
.85 


6.21 
6.53 
6.19 
6.19 
6 93 
6.42 


Average.. 
May 5 




10.5 


78.4 


27.5 


21.7 




118.0 


1,092 


1,327 


.82 


6.40 




77.2 
77.8 
78.3 
78.6 
79.5 
80.1 


27.5 
28.2 
28.1 
28.2 
28.7 
28.9 


21.7 
23.8 
22.1 
22.5 
22.4 
23.1 


113 
117 
119 
120 
125 
133 


116.6 
117.2 
117.6 
118.2 
119.0 
119.0 


1,097 
1,083 
1,090 
1,125 
1,104 
1,163 


1,224 
1,406 
1,268 
1,282 
1,301 
1,348 


.90 
.77 
.86 
.88 
.85 
.87 


6.03 
6.70 
6.18 
6.28 
6.33 
6.57 


Average.. 
May 10 




10.5 


78.6 


28.3 


22.6 


121 


117.9 


1,110 


1,305 


.85 


6.35 




53.6 
54.0 
55.0 
55.7 
56.0 


23.7 
24.2 
24.5 
24.8 
26.1 


21.1 
21.4 
20.9 
20.9 
21.5 




94.8 

99.8 

98.6 

100.2 

103.0 


1,011 

975 

1,045 

1,046 

974 


1,159 
1,174 
1,244 
1,269 
1,282 


.87 
.83 
.84 
.83 
.76 


5.66 
5.68 
6.03 
6.12 
6.09 


Average.. 
May 11 




15.0 


54.9 


24.7 


21.1 




99.3 


1,010 


1,226 


.82 


5.92 




57.5 
56.6 
56.6 
57.9 
58.1 
58.0 


24.1 
24.7 
24.6 
24.9 
24.8 
25.7 


19.8 
19.9 
19.4 
19.9 
19.0 
19.8 




96.6 

98.2 

99.8 

100.6 

100.4 

102.6 


935 
885 
896 
948 
908 
913 


1,170 
1,062 
1,050 
1,073 
1,176 
1,141 


.80 
.84 
.86 
.89 
.77 
.80 


5.62 
5.14 
5.11 
5.27 
5.60 
5.48 


Average.. 
May 12 




13.0 


57.5 


24.8 


19.6 




99.7 


914 


1,112 


.82 


5.37 




58.3 
58.4 
58.6 
59.0 
58.9 
59.1 


25.7 
25.9 
26.0 
26.1 
26.3 
26.8 


21.0 
21.0 
21.6 
20.2 
20.0 
20.0 




103.4 
105.6 
105.2 
106.2 
106.0 
105.4 


928 
901 
988 
945 
893 
907 


1,170 
1,099 
1,119 
1,109 
1,143 
1,134 


.80 
.82 

.88 
.85 
.78 
.80 


5.62 
5.30 
5.48 
5.39 
5.46 
5.44 


Average. . 




13.0 


58.7 


26.1 


20.6 




105.3 


927 


1,129 


.82 


5.45 



^Computed from the carbon dioxide of the period and the average of the respiratory quotienta 
for the day. 
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METABOLISM DURING WALKING. 

'Metaboliam of W. K, during grade walking in experimenU wiUunU food, (Yal- 

uea per minuU.) — Continued. 



Date. 


Grade. 


Dis- 
tance. 


Aver- 
age 
respi- 
ration- 
rate. 


Aver- 
age 
pul- 
monary 
venti- 
lation 
(re- 
duced). 


Aver- 
age 
pulse- 
rate. 


No. of 
steps. 


Car- 
bon 
di- 
oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


1915. 
June 16 


p,ci. 


metert. 
59.9 
58.7 
57.4 
51.8 
50.9 
50.1 


32.9 
36.9 
36.4 
34.4 
33.1 
33.4 


litera. 
41.5 
41.5 
41.0 
37.2 
35.0 
34.6 


153 
154 
155 
149 
150 
151 


114.4 
116.0 
114.6 
109.4 
107.6 
108.6 


c. c. 
1,688 
1,626 
1,587 
1,443 
1,359 
1,343 


c. e. 
1,902 
1,861 
1,837 
1,690 
1,657 
1,635 


0.89 

.88 
.87 
.86 
.82 
.82 


edU, 

9.34 

9.12 

8.98 

8.24 

8.00 

7.89 


Average.. 
June 17 




25.0 


54.8 


34.5 


38.5 


152 


111.8 


1,508 


1,764 


.85 


8.58 




67.6 
66.8 
66.4 
66.6 


36.5 
38.8 
38.3 
38.8 


48.9 
50.7 
50.5 
49.7 


165 
170 
164 
166 


122.0 
120.0 
117.8 
121.8 


1,968 
1,887 
1,921 
1,891 


2,118 
2,115 
2,077 
2,103 


.93 
.89 
.93 
.90 


10.51 
10.39 
10.30 
10.36 


Average.. 
June 23 




25.0 


66.9 


38.1 


50.0 


166 


120.4 


1,917 


2,103 


.91 


10.38 




70.5 
72.4 


37.2 
42.7 


52 «5 
60.0 


170 
181 


123.0 
123.0 


2,084 
2,220 


2,045 
2,142 


1.02 
1.04 


40.32 
40.81 


Average.. 




25.0 


71.5 


40.0 


56.3 


176 


123.0 


2,152 


2,094 


1.03 


40.57 



^Respiratory quotient of 1.00 used in computing. 

Table 16. — Meiabolism of E. D, B, during grade walking in experiments wiUunUfood. (Vol' 

ties per minute,) 



Date. 


Grade. 


Dis- 
tance. 


Aver- 
age 
respi- 
ration- 
rate. 


Aver- 
age 
pul- 
monary 
venti- 
lation 
(re- 
duced). 


Aver- 
age 
pulse- 
rate. 


No. of 
steps. 


Car- 
bon 
di- 
oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


1915. 
Oct. 30 


p,et. 


metert. 
39.8 
38.4 
37.9 
37.9 


18.6 
18.9 
18.8 
18.7 


Utert, 
13.2 
12.6 
12.8 
12.8 




75.8 
74.6 
75.0 
73.4 


e. c, 
518 
483. 

. 485 
488 


e, c, 
589 
602 
593. 
605 


0.88 
.80 
.82 
.81 


ealM, 

2.89 

2.89 

2.86 

2.91 


Average.. 
Nov. 1 




5 


38.5 


18.8 


12.9 




74.7 


494 


597 


.83 


2.89 




49.4 
48.8 
48.6 
47.8 


19.9 
19.5 
20.3 
19.9 


14.6 
14.3 
14.7 
14.5 




83.2 
82.8 
82.4 
82.2 


581 
580 
573 
570. 


650 
644 
658 
671 


.89 
.90 
.87 
.85 


3.19 
3.17 
3.22 
3.26 


Average. . 




5 


48.7 


19.9 


14.5 




82.7 


576 


656 


.88 


3.21 
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METABOLISM DURING WALKING. 



Tablb 16. — Metabolinn of E. D. B. during grade vxilkififi in experimenU without food. (Vol' 

ues per minute,) — Continued. 



Date. 


Grade. 


Dis- 
tance. 


Aver- 
age 
reepi- 
ration- 
rate. 


Aver- 
age 
pul- 
monary 
venti- 
lation 
(re- 
duoed). 


Aver- 
age 
puls^ 
rate. 


No. of 
steps. 


Car- 
bon 
di- 

oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


1915. 
Nov. 10 


p, et. 


tntttn. 
67.3 
66.6 
64.0 
63.7 


22.4 
22.0 
22.6 
22.1 


Zttert. 
15.0 
16.8 
14.0 
14.6 


86 
"06 


88.0 
87.6 
86.0 
86.0 


e, e. 
687 
677 
646 
638 


c c. 
684 
604 
660 
664 


0.86 
.83 
.82 
.82 


colt. 

3.33 

3.36 

3.23 

3.16 


Average.. 
Nov. 11 




5 


66.4 


22.6 


16.3 


01 


86.7 


662 


676 


.83 


3.27 




67.1 
66.8 
66.0 
66.3 


22.0 
23.3 
22.8 
23.0 


17.2 
16.8 
17.1 
17.3 


06 
106 


06.0 
06.6 
04.6 
03.8 


666 
647 
661 
672 


765 
776 
784 
800 


.87 
.83 
.84 
.84 


3.74 
3.75 
3.80 

3.88 


Average.. 
Nov. 12 




5 


66.0 


23.0 


17.1 


101 


06.0 


662 


781 


.85 


3.80 




66.6 
66.4 
66.7 
64.8 


23.4 
22.0 
23.4 
22.8 


17.2 
17.2 
16.0 
16.0 


04 
103 


06.2 
06.2 
04.6 
04.6 


666 
676 
664 
666 


768 
780 
782 
782 


.88 
.86 
.84 
.84 


3.71 
3.85 
3.70 
3.70 


Nov. 13 




6 


66.4 


23.1 


17.1 


00 


04.0 


663 


778 


.86 


3.78 




74.0 
74.1 
74.0 
74.2 


24.6 
23.8 
24.1 
24.8 


10.3 
10.0 
18.7 
18.3 


00 
"164' 


100.2 
00.4 
00.6 

100.2 


761 
753 
733 
607 


840 
801 
882 
860 


.00 
.84 
.83 
.81 


4.18 
4.32 
4.27 
4.14 


Average.. 
Nov. 16 




5 


74.1 


24.3 


18.8 


102 


00.0 


736 


871 


.86 


4.24 




74.8 
76.0 
76.0 
76.1 


23.7 
24.0 
24.7 
26.3 


18.7 
10.4 
18.7 
18.6 


00 

106 
108 


100.2 
101.4 
101.2 
101.4 


705 
786 
775 
772 


843 
866 
874 
873 


.04 
.01 
.80 
.80 


4.10 
4.27 
4.20 
4.20 


Average.. 
Nov. 16 




5 


76.0 


24.7 


18.8 


104 


101.1 


782 


864 


.01 


4.26 




70.1 
76.1 
75.3 
74.7 


23.2 
24.2 
24.3 
24.7 


18.3 
18.5 
18.2 
18.1 


06 

"ios 


00.2 
102.8 
102.8 
100.6 


603 
706 
703 
702 


823 

868 
871 
870 


.84 
.81 
.81 
.81 


3.00 
4.18 
4.10 
4.10 


Average.. 
Nov. 17 




5 


73.8 


24.1 


18.3 


101 


101.4 


701 


858 


.82 


4.14 




48.7 
48.5 
47.6 
47.3 


23.0 
24.4 
23.7 
25.1 


10.5 
10.5 
18.7 
10.5 


00 

lib 


81.6 
81.4 
81.2 
80.2 


746 
736 
738 
740 


870 
880 

882 
800 


.86 
.83 
.84 
.83 


4.24 
4.30 
4.28 
4.31 


Average.. 
Nov. 22 




10.3 


48.0 


24.3 


10.3 


105 


81.1 


740 


883 


.84 


4.28 




42.6 
41.6 
41.6 
41.6 


20.2 
20.0 
21.4 
22.2 


17.0 
16.7 
16.0 
17.2 




77.8 
78.0 
77.4 
77.6 


603 
670 
666 
673 


786 
704 
817 
825 


.88 
.84 
.81 
.82 


3.85 
3.85 
3.03 
3.08 


Average.. 




10.3 


41.8 


21.2 


17.0 




77.7 


675 


806 


.84 


3.01 



82 
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METABOLISM DURING WALKING. 



•MetaMum cf B. D. B, during grod/t vaaXkxnf im experimmU wiUumtfood, (Voir 

uea per minute.) — Continued. 



Date. 



1915. 
Dee. 2... 



Average. 
Dec. 3 



Grade. 



p. et. 



10.0 



Average. 
Deo. 4 



Average. 
Deo. 



Average. 
Deo. 7 



10.0 



15.0 



Average. 
Deo. 8 



Average. 
Deo. 13 



Average, 



15.0 



Di»- 
tanoe. 



15.0 



15.0 



15.0 



meiera. 
68.7 
68.7 
68.1 
67.6 



68.8 



70.7 
70.8 
70.2 
70.4 



70.5 



44.8 
44.7 
44.2 
44.0 



44.4 




39.0 



Aver- 
age 
respi- 
ration- 
rate. 



25.1 
24.7 
24.7 
23.4 



24.5 



24.7 
26.5 
25.0 
25.3 



25.4 



23.6 
23.8 
24.5 
23.2 



23.8 

22.6 
22.7 
24.0 
23.0 



23.1 



48.0 
46.9 
44.4 



46.4 



57.5 
58.6 
58.5 
67.9 
58.4 
59.1 



58.3 



67.3 
67.2 
66.0 



66.8 



24.7 
26.3 
25.6 



25.5 



Aver- 
age 
pul- 
monary 
venti- 
lation 
(re- 
duoed). 



liierM. 
25.0 
25.2 
24.0 
23.4 



24.4 



24.2 
26.3 
25.5 
24.4 



25.1 



22.2 
22.1 
21.9 
21.3 



21.9 

21.0 
20.6 
20.7 
20.3 



20.7 



23.7 
23.6 
22.5 



23.3 



25.1 
27.2 
27.4 
26.4 
26.4 
27.5 



26.7 



25.5 
26.0 
26.1 



25.9 



26.1 
27.0 
32.4 
26.0 
26.0 
27.3 



Aver- 
age 

puiie- 
rate. 



108 
117 
122 
124 



118 

112 
116 
120 
124 



118 



No. of 
steps. 



07.4 
97.8 
96.8 
97.4 



97.4 

97.0 
97.8 
96.8 
98.4 



78.8 
78.4 
78.8 
i 78.0 




107 



110 
118 
117 



115 



27.5 



28.8 
29.4 
29.2 



29.1 



122 
131 
134 
133 



97.5 



78.5 



77.0 
76.4 
74.8 
75.6 



76.0 



83.0 
81.6 
79.2 



81.3 



130 



123 
131 
138 



131 



89.2 
89.0 
89.0 
90.4 



Car- 
bon 
di- 
oxide. 



e. c. 
1,063 
1,054 
1,038 
1,018 



1,043 

1,080 
1,064 
1,059 
1,065 



Oxy- 
gen. 



e,e, 
1,117 
1,151 
1,161 
1,162 



pira- 
tory 
quo- 
tient. 



1,074 



936 
916 
894 
881 



907 



866 
834 
819 
805 



831 



976 
945 
894 



938 



89.4 



98.0 
98.0 
96.9 



97.6 



1,099 
1,102 
1,096 
1,088 
1,072 
1,100 



1,148 

1,189 
1,205 
1,218 
1,236 



1,212 



1,020 
1,036 
1,039 
1,042 



1,034 



950 
930 
910 
903 



923 



1,075 
1,060 
1,020 



1,093 



1,233 
1,234 
1,200 



1,222 






1,052 

1,247 
1,314 
1,326 
1,285 
1,340 
1,371 



1,314 



1,396 
1,443 
1,419 



1,419 



.95 
.92 

.89 
.88 



.91 

.92 

.90 
.87 
.86 



89 



.92 
.88 
.86 
.85 



88 

.91 
.90 
.90 

.89 



.90 

.91 
.80 
.88 



.89 

.88 
.84 
.83 
.85 
.80 
.80 



.83 



.88 
.86 
.85 



.86 



Heat 
(oom- 
puted) 



edU. 

5.57 

5.70 

5.70 

5.69 



5.67 

5.88 
5.93 
5.95 
5.03 



5.95 



5.05 
5.08 
5.07 
5.07 



5.07 

4.69 
4.58 
4.48 
4.44 



4.54 

5.31 
5.21 
5.00 



5.17 

6.11 
6.37 
6.42 
6.25 
6.43 
6.58 



6.36 



6.84 
7.03 
6.90 



6.92 



84 



BfETABOLISM DURING WALKING. 



Table 16.— AfelaftoiMm oj E, D, B, durinif ffrade waUnnp in experimenU vrithotdfood. (Valr 

uea per minute.)— Continued. 



Date. 


Grade. 


Dis- 
tance. 


Aver- 
age 
respi- 
ration- 
rate. 


Aver^ 
age 
pul- 
moni&ry 
venti- 
lation 
(re- 
duced). 


Aver- 
age 
pulae- 
rate. 


No. of 
steps. 


Car- 
bon 
di- 
oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


1915. 
D«c. 21 


p. d. 


meter$. 
69.4 
70.5 
70.9 


25.5 
26.1 
26.4 


liter». 
35.4 
35.7 
39.8 




103.0 
106.4 
105.4 


e. e. 
1,602 
1,602 
1,584 


e. e. 
1,706 
1,808 
1,839 


0.94 
.89 
.86 


eala, 
8.48 
8.88 
8.97 


Average. . 
Deo. 22 




20.0 


70.3 


26.0 


37.0 




104.9 


1,596 


1,784 


.90 


8.78 




60.4 
69.5 
71.2 


24.6 
26.6 
25.8 


33.4 
34.4 
34.7 




104.4 
104.8 
106.6 


1,544 
1,550 
1,569 


1,715 
1,746 
1,784 


.90 
.89 
.88 


8.44 
8.58 
8.74 


Average.. 
Dec. 31 




20.0 


70.0 


25.7 


34.2 




105.3 


1,554 


1,748 


.89 


8.59 




79.6 
80.6 


24.9 
30.3 


41.6 
46.1 




109.8 
110.6 


2,025 
2,068 


2,217 
2,322 


.91 
.89 


10.94 
11.41 


Average.. 

1916. 
Jan. 1 




20.0 


80.1 


27.6 


43.9 




110.2 


2,042 


2,270 


.90 


11.18 

10.65 
11.18 
11.63 




79.3 
80.1 
81.6 


26.9 
27.7 
28.1 


41.3 
43.8 
47.0 




110.0 
112.6 
112.6 


1,949 
2,001 
2,080 


2,162 
2,281 
2,373 


.90 
.88 
.88 


Average.. 
Jan. 3 




20.0 


80.3 


27.6 


44.0 




111.7 


2,010 


2,272 


.88 


11.13 




43.1 
42.5 
42.3 


23.4 
24.1 
24.0 


27.5 
31.8 
28.0 




85.6 
84.0 
85.0 


1,184 
1,181 
1,183 


1,453 
1,456 
1,444 


.82 
.81 
.82 


7.01 
7.01 
6.97 


Average.. 
Jan. 4 




25.0 


42.6 


23.8 


29.1 




84.9 


1,183 


1,451 


.82 


7.00 




59.2 
60.5 
60.4 
60.1 


24.6 
24.8 
25.7 
29.1 


37.0 
37.5 
38.7 
48.8 




97.2 
96.0 
94.6 
96.2 


1,730 
1,705 
1,729 
1,728 


1,909 
1,954 
1,998 
1,999 


.91 

.87 
.87 
.86 


9.42 
9.55 
9.76 
9.75 


Average.. 
Jan. 6 




25.0 


60.1 


26.1 


40.5 




96.0 


1,723 


1,965 


.88 


9.63 




69.5 
69.1 


27.2 
28.1 


45.5 
50.7 




105.6 
103.4 


2,037 
2,070 


2,281 
2,223 


.89 
.93 


11.20 
11.03 


Average.. 
Feb. 2 




25.0 


69.3 


27.7 


48.1 




104.5 


2,054 


2,252 


.91 


11.12 




45.3 
46.6 
47.5 


22.1 
22.1 
23.7 


30.8 
33.0 
36.0 


132 
144 
159 


86.0 
84.4 
87.2 


1,385 
1,500 
1,574 


1,558 
1,667 
1,778 


.89 
.90 
.89 


7.65 
8.21 
8.73 


Average.. 
Feb. 3 




25.0 


46.5 


22.6 


33.3 


145 


85.9 


1,486 


1,668 


.89 


8.19 




51.6 
53.6 
52.7 


22.4 
26.9 
25.0 


32.9 
37.2 
35.7 


140 
149 
156 


91.4 
93.2 
91.4 


1,556 
1,610 
1,560 


1,730 
1,863 
1,822 


.90 
.86 
.86 


8.52 
9.08 
8.88 


Average.. 




25.0 


52.6 


24.8 


35.3 


148 


92.0 


1,575 


1,805 


.87 


8.82 



86 



METABOLISM DURING WALKING. 



Table 16. — Metabolum of B. D. B, during grade walking in experimenU without food. (Val- 
ues per minute.) — Continued. 



Date. 


Grade. 


Dis- 
tance. 


Aver- 
age 
respi- 
ration- 
rate. 


Aver- 
age 
pul- 
monary 
venti- 
lation 
(re- 
duced). 


Aver- 
age 
pulse- 
rate. 


No. of 
steps. 


Car- 
bon 
di- 
oxide. 


Oxy- 
gen. 


Res- 
pira- 
tory 
quo- 
tient. 


Heat 
(com- 
puted). 


1916. 
Feb. 16 


p.et. 


meUr$, 
43.1 
46.7 
46.2 


26.0 
28.1 
29.1 


literB. 
39.2 
40.6 
41.7 


136 
146 
166 


98.8 

101.0 

88.3 


c. c. 
1,687 
1,747 
1,761 


c. e. 
1,926 
2,048 
2,047 


0.88 
.86 
.86 


edl». 
9.44 
9.96 
9.98 


Average.. 
Feb. 16 




36.0 


46.0 


27.7 


40.6 


146 


96.0 


1.732 


2,007 


.86 


9.78 




67.7 
68.6 
66.6 


28.6 
31.1 
29.1 


63.7 
66.8 
63.0 


168 
176 
178 


107.7 

106.3 

96.8 


2,300 
2,316 
2,186 


2,674 
2,624 
2,386 


.89 
.92 
.92 


12.64 
12.49 
11.81 


Average.. 
Feb. 17 




36.0 


67.6 


29.6 


64.6 


174 


103.6 


2,267 


2,496 


.91 


12.32 




62.3 
62.6 


28.1 
30.0 


61.6 
62.0 


174 
180 


104.8 
101.0 


2,634 
2,479 


2,723 
2,726 


.93 
.91 


13.61 
13.46 


Average.. 
Feb. 18 




36.0 


62.4 


29.1 


61.8 


177 


102.9 


2,607 


2,726 


.92 


13.48 




46.1 
60.6 
61.8 


28.6 
29.4 
30.6 


46.2 
60.9 
69.3 


148 
161 
174 


91.3 
91.0 
87.3 


2,013 
2,178 
2,366 


2,214 
2,376 
2,606 


.91 
.92 
.94 


10.93 
11.76 
12.46 


Average.. 
Feb. 19 




40.0 


49.6 


29.6 


61.8 


161 


89.9 


2,182 


2,366 


.92 


11.70 




63.7 
64.3 
64.0 


29.6 
32.8 
31.3 


67.3 
64.3 
63.7 


166 
168 
169 


102.6 

98.0 

100.0 


2,386 
2,600 
2,468 


2,673 
2,669 
2,662 


.93 
.94 
.96 


12.76 
13.22 
12.80 


Average.. 
Feb. 21 




40.0 


64.0 


31.2 


61.8 


164 


100.2 


2,461 


2,698 


.94 


12.92 




67.2 
67.2 
67.0 


31.1 
31.1 
32.3 


71.1 
71.6 
73.3 


177 
177 
179 


101.6 

103.3 

98.6 


2,666 
2,667 
2,671 


2,766 
2,771 
2,728 


.96 
.96 
.98 


13.82 
13.86 
13.70 


Average.. 
Feb. 22 




40.0 


67.1 


31.6 


72.0 


178 


101.1 


2,666 


2,766 


.97 


13.80 




64.9 
66.4 


36.1 
33.8 


84.6 
84.4 


186 
186 


102.6 
104.3 


3,004 
3,030 


3,104 
3,169 


.97 
.96 


16.66 
16.79 


Average.. 
Feb. 23 




40.0 


66.2 


36.0 


84.6 


186 


103.4 


3,017 


3,132 


.96 


16.66 




40.6 
41.8 
44.1 


31.2 
29.1 
31.8 


66.1 
63.2 
69.9 


161 
164 
170 


96.7 

98.6 

100.0 


2,183 
2,234 
2,423 


2,446 
2,390 
2,619 


.89 
.93 
.96 


12.01 
11.86 
12.69 


Average.. 
Feb. 24 




46.0 


42.2 


30.7 


66.1 


166 


98.1 


2,280 


2,462 


.93 


12.16 




42.8 
42.1 


31.0 
31.1 


61.4 
62.9 


169 
173 


96.8 
89.0 


2,316 
2,242 


2,421 
2,322 


.96 
.97 


12.10 
11.63 


Average.. 




46.0 


42.6 


31.1 


62*2 


171 


92.4 


2,279 


2,372 


.96 


11.86 
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TiBLB 16a.— iiirera^ hodffUmpenUiwre and bloodHpnsnare qf E. D. B, during grade vxUking 
in experitnenU tnthoul food. (Valves per mtntite.)— Continued. 



Data. 



1916. 
Feb. 8... 



Average. 
Feb. 9 



Average 
Feb. 11.... 



Average 
Feb. 12.... 



Average 
Feb. 14.... 



Average 
Feb. 16.... 



Average 
Feb. 16.... 



Average 
Feb. 17.... 



Average 
Feb. 18.... 



Average 
Feb. 19.... 



Average. . • . 



Average 

body- 
tempera- 
ture. 



36.97 
37.93 
38.24 
38.31 



37.86 



37.77 
38.37 
38.76 
38.89 



38.46 



38.00 
38.25 
37.97 



38.07 



37.37 
38.13 



37.76 



37.49 
38.47 



37.98 



37.65 
38.47 
38.74 



38.29 



37.76 
38.47 
38.59 



38.27 



37.68 
38.48 



38.08 



37.73 
38.59 
39.03 



38.45 



36.95 
37.97 
38.33 

37.75 



Date. 



1916. 
Feb. 21... 



Average 



Feb. 22 



Average 
Feb. 23.... 



Average 
Feb. 24.... 



Average 
Feb. 25.... 



Average 



Feb. 26. 



Average 



Feb. 28. 



Average 
Feb. 29.... 



Average 
Mar. 4 



Average. . . 



Mar. 6. 



Average.... 



Average 

body- 
tempera- 
ture. 



® C. 
37.72 
38.05 
38.20 



37.99 



38.29 



38.29 



38.11 
38.33 
38.33 



38.26 



37.92 
38.50 



38.21 



37.31 
38.14 



37.73 



37.25 
37.97 



37.61 



37.11 



37.11 



36.98 
37.89 



37.44 



37.23 
37.70 
36.70 
36.68 



37.08 



37.27 
38.01 
37.56 
38.12 



37.74 



Date. 



1916. 
Mar. 7.. 



Average.. . 
Mar. 8 



Average 
Mar. 23... 



Average 
Mar. 24... 



Average 
Apr. 6 



Average 
Apr. 7 



Average 
Apr. 8 



Average 
Apr. 14.... 



Average 
Apr. 15 ... . 



Average. 



Average 

body- 
tempera- 
ture. 



"C. 
37.65 
37.91 



37.75 



37.57 
38.26 
37.67 
38.24 
37.90 
38.39 



38.01 



37.53 
37.62 



37.58 



37.74 
37.86 



37.80 



37.25 
37.53 
37.53 



37.44 



36.66 
37.17 
37.15 



36.99 



36.90 
37.09 
37.22 



37.07 



37.06 
37.41 
37.30 



37.26 



37.00 
37.28 
37.34 



37.21 



Blood- 
pres- 
sure. 



YVIfFI. 



119 
116 



118 



126 
127 



127 



122 
128 
128 



126 



129 
130 
131 



130 



137 
138 
141 



139 



128 
128 
129 



128 



127 
129 
127 
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1CETABOLI8U DURING WALKING. 



Tabu Zi.—Delaaed puUt record* of W. K. 
food. (FoIuMptr 



*lft minntM after sad of period, pnlM-nU US. 



la iofcfKcims Kccosifi. m. enmnTrnc «aie yrfun g r*' 2. the body- 




Kiss«!i!K 3U0U2ZXC mK been, saea jb a 
diK aufcTkical djer*. is b jff^ofadbiy vishm the 




tnn^ ^/ die l^djr-asjflE. BenHOcs. M3esw 
4ikt tfaoKis a vide TBttSkn m the soRMe^^empcrsraR 
tfui dua pnnzmitj to brie blood-T«sEefe has a nurfad effect on body- 
toB^inSare mcfleixraDeiits. Records of the wmpcfatore in the 
leetom grre the t enip e aatui e of the bodr at thai point cnhr. It is 
eMy to b^fiere that a thermometer xzsened into a br^ maas of fecal 
mitferial on one day and into a practieanT empty rectum on another 
day woold dhow conaderable differences in temperature, paiticiilarly 
aa the req)ODse to change in temperature would be dower iriwn the 
ma« of feeal matter was large. There i$ theref oee a daily Taiiation 
to be expected, no matter how earefoDy the theim om eier is adjusted 
and the readings made. 

In noting the tenqMnture changes during this study, it appeared 
that even when the subject was standing quietly, with a prdiminary 
interral long enough for the thcrnHHneter to becoine settled, there was a 
tendency for the temperature to inczease during the period. To 
confirm this we have taken the first and last temperatures of all the 

perk>ds and find that of the i4>pro3imately 100 periods in wMch readings 
were obtained, 87 per cent show a higher temperature at the dose of the 
standing period by an average of 0.07^ C and 9 per cent were lower at 
the close by an average of 0.01° C, while 4 per cent show no change. 
To determine whether or not this increase tended to accumulate during 
the interval between the periods, also whether the relaxation from 
motionless standing with removal of the mouthpiece and nose-dip was 
aecompanjed by a lowering of the temperature, a comparison was made 
of the temperatures recorded at the end of the standing periods with 
those noted during the intervals between the periods. In the majority 
of these cases there was no mariced change, and such changes as were 
noted were almost wholly in the direction of a lowering <^ the tempera- 



>B«oediet, Mile^ and Johnson. Proe. Nat. Acad. Sd., 1919. 5, p. 21& 
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METABOLISM DURING WALKING. 



person of moderate activity, would be 3.35 calories per hour per 
kilogram of body-weight. 

Increment in Metabousm due to Hobizontal Walking. 

As has been made evident, the values in tables 8 to 12 take no account 
of the basal standing requirements and only incidentally of the speeds. 
This has been done in tables 29 to 33, in which are shown the body- 
weight of the subject with clothing, the distance walked per minute, 
the horizontal kilogrammeters, i. e., the distance multiplied by the 
body-weight, the number of steps taken per minute, the elevation of 
the body in walking (step-lift) , the work done due to such elevation, and 
both the total heat-output and, of main importance here, the incre- 
ments in the heat-output over the standing requirements. 

Table 29. — Increase in heat-outpul of A, J. O. and H. R, R, during horitontal walking in experimmU 

withotUfood. (Values per minute.) 



Date 

and 

condition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(6) 

Dis- 
tance. 


(c) 

Hori- 
zontal 
kilo- 
gram- 
meters. 

oX 6 


(d) 

No. of 
steps. 


(0 

Rais- 
ing of 
body 
(step- 
lift). 


(/) 

Work 
due to 
step- 
lift. 

a X e 


(0) 

Total 
heat. 


Increment in heat above standing- 
value. 


(h) 

Total 

in- 
crease. 


(0 
Per hori- 
zontal 
kilo- 
gram- 
meter. 

AX 1.000 


(J) 
Per kilo- 
gram- 
meter 
of step- 
lift. 

AX 1.000 


(*) 
Propor- 
tion of 
increase 
due to 
step-lift. 

2.34 X 100 


c 


/ 


• 


A. J. O. 
1916. 
Fob. 16: 

Atandinff . . . 


kg. 


meters. 






meters. 


kg. m. 


cats, 

1.32 
3.28 


cats. 


gm.-cal. 


gm.-cals. 


p,cL 


Walking. .. 

Fob. 24: 

Standinff 


74.6 


»63.1 


4,701 








1.96 


0.417 




























1.30 
3.67 
3.63 










Walking. . 




63.1 
63.8 


4,733 
4,786 


96.9 
96.8 


1.72 
2.01 


129.0 
161.0 


2.37 
2.33 


.601 
.487 


18.4 
16.4 


13 
15 


Average . 

Mar. 2: 

Standins . . . 




76.0 


63.6 




96.9 


1.87 






2.36 


.494 


16.9 


14 


















«1.31 
3.68 
3.37 
3.27 










Walking. . . 




63.8 
60.7 
63.6 


4,721 
4,492 
4,706 


98.7 
93.8 
97.9 


2.41 
2.01 
1.86 


178.0 
149.0 
137.0 


2.27 
2.06 
1.96 


.481 
.469 
.416 


12.8 
13.8 
14.3 


18 
17 
16 


Average . 

XX. R. R. 
1916. 
Mar. 20: 

Standing, . . 




74.0 


62.7 




96.8 


2.09 






2.10 


.462 


13.6 


17 


















1.62 
4.88 
4.48 










Walking. .. 




67.7 
64.6 


6,030 
4,792 


106.4 
102.2 


.86 
.99 


63.2 
73.6 


3.36 
2.96 


.668 
.618 


63.2 
40.2 


4 
6 


Average . 




74.3 


66.1 




103.8 


.92 






3.16 


.643 


46.7 


6 







^Average of values for Feb. 24 and March 2. See table 8, p. 66. 
'Average of values for Feb. 15, 24, and 27. See table 3, p. 43. 
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Tablb 29. — Inermm in heatHnUpui of A. J. O. and H. R. R. during horizonidl walking in experimenU 

triUunU food, (Valuea per miniUe.) — Continued. 



Date 

and 

oondition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(Jb) 

Dis- 
tanee. 


(c) 

Hori- 
lontal 
kilo- 
gram- 
meters. 

oX6 


(d) 

No. of 
stepe. 


(«) 

Rais- 
ing of 
body 
(step- 
lift). 


(/) 

Work 
due to 
step- 
lift. 

a Xe 


(0) 

Total 
heat. 


value. 


ih) 

Total 

in- 
crease. 


(0 
Perhori- 
sontal 
kilo- 
gram- 
meter. 

Ax 1.000 


0) 

Per kilo- 
gram- 
meter 

of step- 
lift. 

Ax 1.000 


(*) 

Propor- 
tion of 

increase 
due to 

step-lift. 

2.34 X 100 


c 


/ 


• 


H. R. R. (Cont.) 

1916 
Mar. 27: 

Btandins . . . 


kg. 


tneUrM. 






meters. 


kg,m. 


eaU. 
4.34 
4.32 
4.31 
4.36 


eaU, 


gnit'CaL 


gm,'caU. 


p, el. 


Walking . . . 




66.8 
67.2 
67.6 


4,823 
4,926 
4,948 


102.8 
102.6 
102.4 


1.24 
1.47 
1.34 


90.9 

107.8 

98.2 


2.98 
2.97 
3.02 


0.618 
.603 
.610 


32.8 
27.6 
30.8 


7 
9 

8 


Av^age.. 

Apr. 3: 

Rtandinff . . . 




73.3 


66.8 




102.6 


1.36 






2.99 


.610 


30.4 


8 


















4.34 
4.06 
4.10 
4.12 










Walking . . . 




60.9 
60.6 
60.0 


4,367 
4,338 
4,302 


96.2 
96.0 
96.6 


1.10 
1.11 
1.12 


78.9 
79.6 
80.3 


2.71 
2.76 
2.78 


.621 
.636 
.646 


34.3 
34.7 
34.6 


7 

7 
7 


Average. . 
Apr. 10: 




71.7 


60.6 




96.3 


1.11 






2.76 


.634 


34.6 


7 


















1.37 
4.27 










Walking... 
Apr. 17: 


72.2 


61.1 


4,411 


99.0 


1.02 


73.6 


2.90 


.667 


39.4 


6 














1.31 
3.87 
3.87 










Walking . . . 




60.0 
69.9 


4,332 
4,326 


98.4 
97.8 


1.00 
1.10 


72.2 
79.4 


2.66 
2.66 


.691 
.692 


36.6 
32.2 


7 
7 


Average. . 
Apr. 24: 




72.2 


60.0 




98.1 


1.06 






2.66 


.692 


33.9 


7 


















4.34 
3.87 
3.76 
3.76 
3.82 










Walking . . . 




61.8 
60.2 
60.6 
60.1 


4,363 
4,260 
4,278 
4,243 


99.2 
96.0 
94.8 
96.0 


1.19 
1.16 
1.26 
1.20 


84.0 
81.2 
88.3 
84.7 


2.63 
2.42 
2.41 
2.48 


.680 
.669 
.663 

.684 


30.1 
29.8 
27.3 
29.3 


8 
8 
9 
8 


Average. . 




70.6 


60.7 




98.3 


1.20 






2.46 


.674 


29.1 


8 







^Average of values for April 10 and 17. See table 3, p. 43. 
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Tablb 30. — Ineretue in heal-mUjnU of T. U, H, during lujirimmlaL wailang in expmmmiU wiihmU food. 

{Values per minute,) 



Date 

and 

condition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


ib) 

Dis- 
tance. 


(e) 

Hori- 
sontal 
kilo- 
gram- 
meters. 

a X 6 


(d) 

No. of 
steps. 


(e) 

Rais- 
ingof 
body 
(step- 
lift). 


(/) 

Work 
due to 
step- 
lift. 

a X e 


(g) 

Total 
heat. 


value. 


ih) 

Total 

in- 
crease. 


(0 

Perhori- 

sontal 

kUo- 

gram- 

meter. 

AX 1.000 


U) 
Per kilo- 
gram- 
meter 
of step- 
lift. 

AX 1.000 


(*) 
Propor- 
tion of 
inereaat 
due to 
step-lift 

2.34X100 


c 


/ 


y 


1015. 
Feb. 26: 

RtjinHinfr 


kg. 


metera. 






metera. 


kg. m. 


eaU, 
1.10 
3.02 
2.08 
2.00 


cola. 


gm.-€al. 


gm.-eaia. 


p.€L 


Walkins 




63.4 
63.7 
63.7 


3,600 
3,707 
3,707 


100.7 
08.3 
07.0 


1.60 
1.18 
2.04 


03.1 

68.7 

118.7 


1.02 
1.88 
1.80 


0.520 
.507 
.510 


20.6 
27.4 
15.0 


11 



16 


Average . 
Mar. 10: 

AtiinHinip 




58.2 


63.6 




00.0 


1.61 






1.00 


.512 


21.3 


12 


















1.14 
3.44 
3.43 
3.40 
3.41 










Walkinff 




65.7 
66.7 
67.1 
67.8 


3,824 
3,882 
3,005 
3,046 


107.0 
106.4 
106.2 
106.0 


1.58 
1.74 
1.85 
1.73 


02.0 
101.3 
107.7 
100.7 


2.30 
2.20 
2.35 
2.27 


.601 
.500 
.602 
.575 


25.0 
22.6 
21.8 
22.5 



10 
11 
10 


Average . 
Mar. 22: 




58.2 


66.8 




106.4 


1.73 






2.30 


.502 


23.0 


10 


















1.08 
3.47 
3.30 










OMUlvlUJ||- • • 

Walkinff 




67.5 
67.5 


3,022 
3,022 


106.6 
105.0 


1.27 
1.30 


73.8 
75.5 


2.30 
2.22 


.600 
.566 


32.4 
20.4 


7 
8 


Average . 
Mar. 24: 




58.1 


67.5 




105.8 


1.20 






2.31 


.588 


30.0 


8 


















4.11 
3.34 
3.22 
3.10 










Walkins 




67.4 
68.1 
67.8 


3,788 
3,827 
3,810 


104.8 
104.2 
103.6 


1.86 
1.82 
1.80 


104.5 
102.3 
101.2 


2.23 
2.11 
2.08 


.580 
.551 
.546 


21.3 
20.6 
20.6 


11 
11 
11 


Average . 
Mar. 20: 




56.2 


67.8 




104.2 


1.83 






2.13 


.562 


20.8 


11 


















U.ll 
3.32 
3.18 
3.15 










Walkinff 




65.0 
67.6 
68.2 


3,607 
3,702 
3,826 


100.8 
101.2 
102.0 


2.08 
2.16 
2.16 


116.7 
121.2 
121.2 


2.21 
2.07 
2.04 


.508 
.546 
.533 


18.0 
16.1 
16.1 


12 
16 
16 


Average . 
Mar. 30: 


* * 


56.1 


67.2 




101.3 


2.13 






2.11 


.550 


17.0 


14 






1 

1 
1 












4.11 
3.35 
3.30 
3.27 










OMUlUlllll . - . 

Walking 


65.0 
66.8 
63.5 


3,704 
3,754 
3,560 


102.0 

102.2 

00.8 


2.12 
2.10 
1.87 


110.1 
118.0 
105.1 


2.24 
2.28 
2.16 


.605 
.607 
.605 


18.8 
10.3 
20.6 


12 
12 
11 


Average . 





56.2 


65.4 




101.3 


2.03 






2.23 


.606 


10.6 


12 







^Average of values for Feb. 26, March 10 and 22. See table 4, p. 44. 
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Tablb 30. — Iner&ue in heal-inUinU of T, H, U. during horiaonUd walking in experimenU triihatU food, 

(Valuea per minuU.) — Continued. 



 

Date 

and 

eondition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(6) 

Dis- 
tance. 


(c) 

Hon- 

sontal 

kUo- 

meters. 
a Xb 


(d) 

No. of 
steps. 


(«) 

Rais- 
ing of 
body 
(step- 
lift). 


(/) 

Work 
due to 
step- 
lift. 

a xe 


(SI) 

Total 
heat. 


Increment in heat above 
value. 




Total 

in- 
crease. 


(0 
Per hori- 
sontal 
kilo- 
gram- 
meter. 

^Xl.OOO 


U) 
Per kilo- 
gram- 
meter 
of step- 
lift. 

^Xl.OOO 


(*) 

Propor- 
tion of 

increase 
due to 

Bt^p-Uft 

2.34 xlOO 


e 


/ 


 


1016. 
Apr. 6: 


ko^ 


meiert. 






meterM. 


KQm ffl. 


eali. 
4.11 
3.36 
3.35 
3.42 


caU, 


gm.-cal. 


gm.-eaU, 


p. cL 


Walking. . . 




62.4 
62.7 
63.2 


3,538 
3,555 
3,583 


99.4 
100.4 
100.8 


1.69 
1.80 
1.87 


95.8 
102.1 
106.0 


2.25 
2.24 
2.31 


0.636 
.630 
.645 


23.5 
21.9 
21.8 


10 
11 
11 


Average . 




56.7 


62.8 


• 


100.2 


1.79 






2.27 


.637 


22.4 


11 







'Average of values for Feb. 25, March 19, and 22. See table 4, p. 44. 

Table 31. — Ineretue in heairoiUput of W. K. during horixontal ufolking in experimenU wiUunU food, 

(Values per minute.) 



Date 

and 

eondition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(b) 

Dis- 
tance. 


(c) 

Hori- 
sontal 

kilo- 
gram- 
meters. 

aXb 


(d) 

No. of 
steps. 


(e) 

Rais- 
ing of 
body 
(step- 
lift). 


(/) 

Work 
due to 
step- 
lift. 

a X • 


(ff) 

Total 
heat. 


Increment in heat above standing- 
value. 


(h) 

Total 

in- 
crease. 


(0 
Per hori- 
sontal 
kilo- 
gram- 
meter. 

AX 1.000 


U) 
Per kilo- 
gram- 
meter 
of step- 
lift. 

AXl.OOO 


(*) 
Propor- 
tion of 
increase 
due to 
step-lift. 

2.34X100 


e 


/ 


J 


1915. 
Feb. 26: 

Standing . . 


kg. 


meterM. 






metera. 


kg. m. 


COifl. 

1.03 
2.55 


coif. 


Qm.-€al. 


ffm.-^aU. 


p. d. 


Walking. . . 

Mar. 4: 

Standing . . . 


52.1 


64.4 


3,355 


114.7 


1.40 


72.9 


1.52 


0.453 


20.9 


11 














4.10 
3.06 
2.98 
3.08 










Walking. .. 




64.0 
62.9 
66.0 


3,360 
3,302 
3,465 


115.4 
113.0 
115.2 


1.39 
1.22 
1.21 


73.0 
64.1 
63.5 


1.96 
1.88 
1.98 


.583 
.569 
.571 


26.9 
29.3 8 
31.2 , 8 


Average . 
Mar. 5: 




52.5 


64.3 




114.5 


1.27 






1.94 


.574 


29.1 


8 


















4.10 
2.93 
2.84 
2.88 










Walking. .. 


•••*.. 


65.3 
65.9 
66.2 


3,435 
3,466 
3,482 


115.3 
114.4 
115.2 


1.56 
1.60 
1.49 


82.0 
84.2 
78.4 


1.83 
1.74 
1.78 


.533 
.502 
.511 


22.3 
20.7 
22.7 


11 
11 
10 


Average . 




52.6 


65.8 




115.0 


1.55 






1.78 


.515 


21.9 


11 







'Average of values obtained in experiments without food with subject standing, February 26 to June 14, 1915, 
pduahre. (See Uble 6, page 44.) 
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Table 31. — Inar&ue in heainnUput of W. K. during horixorUal walking in experimenU wiUunU food. 

(Values per ndnute,) — Continued. 



Date 

and 

condition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(6) 

Dis- 
tance. 


(c) 

Hori- 

sontal 

kilo- 

meters. 

a xb 


(d) 

No. of 
steps. 


(e) 

ingof 
body 
(step- 
lift). 


if) 

Work 
due to 
step- 
lift. 

o X« 


(g) 

Total 
heat. 


value. 


ih) 

Total 

in- 
crease. 


Perhori- 
aontal 
kilo- 
gram- 
meter. 

^Xl.OOO 


U) 
Per kilo- 
gram- 
meter 
of step- 
lift. 

Axl.OOO 


(*) 
Piopor> 

tionof 
inoreaae 

due to 
•tep4ift 

2.34 XlOO 


c 


f 


J 


1915. 
Mar. 8: 


kg. 


meters. 






metert. 


ko* th. 


caU, 

n.io 

2.99 
2.87 
2.83 


eaU, 


gm.'Cal. 


om,-edU. 


p. d. 


Walking. .. 




66.4 
66.6 
66.6 


3,486 
3,497 
3,497 


116.6 
116.0 
115.6 


1.48 
1.52 
1.46 


77.7 
79.8 
76.7 


1.89 
1.77 
1.73 


0.542 
.506 
.495 


24.3 
22.2 
22.6 


10 
11 
10 


Average . 
Mar. 9: 

Rtiinrlinir 




52.6 


66.5 




116.1 


1.49 






1.80 


.514 


23.0 


10 



















4.10 
3.01 
2.65 
2.57 
2.47 










Walking... 




66.0 
62.5 
62.2 
58.6 


3,439 
3,256 
3,241 
3,053 


115.6 
108.6 
109.0 
107.6 


1.13 
.91 

1.00 
.83 


58.9 
47.4 
52.1 
43.2 


1.91 
1.55 
1.47 
1.37 


.555 
.476 
.454 
.449 


32.4 
32.7 
27.3 
31.7 


7 
7 
9 

7 


• 

Average . 

Mar. 12: 

Btandinc 




52.1 


62.3 




110.2 


.97 






1.58 


.484 


31.0 


8 


















1.05 
2.82 
2.48 
2.76 








Walking... 




60.9 
58.5 
68.2 


3,179 
3,054 
3,560 


111.2 
109.8 
117.6 


1.17 
1.13 
1.33 


61.1 
59.0 
69.4 


1.77 
1.43 
1.71 


.557 
.468 
.480 


29.0 
24.2 
24.6 


8 

10 

9 


Average . 

Mar. 18: 

Btandinff ^ 




52.2 


62.5 




112.9 


1.21 






1.64 


.502 


25.9 


9 


















1.21 
2.87 
2.78 
2.85 
2.63 








Walking... 




65.1 
64.7 
59.4 
59.1 


3,333 
3,313 
3,041 
3,026 


114.0 
113.0 
108.0 
107.4 


1.01 

1.04 

.95 

1.26 


51.7 
53.2 
48.6 
64.5 


1.66 
1.57 
1.64 
1.42 


.498 
.474 
.539 
.469 


32.1 
29.5 
33.7 
22.0 


8 

8 

7 

11 


Average . 

Mar. 16: 

Rtftndinir . . . 




51.2 


62.1 




110.6 


1.07 






1.57 


.495 


29.8 


8 


















1.03 
2.70 
2.64 
2.86 
2.69 










Walking t , 




59.2 
62.3 
60.9 
60.6 


3,108 
3,271 
3,197 
3,182 


109.8 
112.4 
107.2 
103.6 


.70 
.87 
.85 
.81 


36.8 
45.7 
44.6 
42.5 


1.67 
1.61 
1.83 
1.66 


.537 
.492 
.572 
.522 


45.4 
85.2 
41.0 
39.1 


5 

7 

6 


Average . 

- 




52.5 


60.8 


... 


108.3 


.81 






1.69 


.531 


40.2 










^Average of values obtained in experiments without food with subject standing, February 26 to June 14, 1915, 
inclusive. (See table 5, page 44.) 
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Tabu 81. — Inermm in JUBf-oMfpuf c/ W. K, dvrimg Jboruoniol inatttii^ m CEprnmaite wiikond fmi. 

(FaltMt per mimife.)— -CoDtinued. 



Date 

ud 

coaditMm. 



1015. 
If ar. 17: 

StandiBC. 
Walkiiic. 



Mar. 18: 

Btandiiic. 
WalkiBc. 



ifar.38: 

StaadiiiK. 
WaDdas. 



(•) 



Body- 
wciidht 

with 
dotli- 

ing. 



52.3 



(») I (c) i (d) 



i 



(<) 



Hori- I 
■ontal : 
Idlo- 



I 



a x6 



67.3 
67.4 
67.8 
67.5 



67.5 



53.6 



Mar. 25: 

Btandinc. 
WalkiBC. 



liar. 20: 

Btandiiic. 
WalkiBc. 



50.5 



62.5 
58.4 
60.8 
58.8 



3,520 
3,525 
3,546 
3,530 



No. of 



(/) 



(9) 



it in heat abore 
rahie. 



incof 
body 
(■t*P-l 
lift). 



Work 
doe to 



117.2 
116.8 
116.2 
114.6 



116.2 



1.41 
1.48 
1.42 
1.51 



1.46 



3,288 
3,072 
3,108 
3,003 



60.1 



108.0 
100.0 
106.2 
104.2 



104.6 



64.3 
66.4 
66.5 



65.7 



60.5 



50.2 



67.3 
67.5 
67.0 



3,247 
3,353 
3,358 



67.3 



63.3 
60.8 
62.8 



62.3 



3,300 
3,400 
3,384 



111.6 
113.4 
111.4 



112.1 



1.05 

.84 

1.12 

1.01 



1.01 



lift, 
a X€ 



Total 
I heat. 



(A) 
Total 



tSQm 1R. 



73.7 
77.4 
74.3 
70.0 



55.2 
44.2 
58.0 
53.1 



1.12 
1.34 
1.30 



3,178 
3,052 
3,153 



114.6 
113.4 
110.2 



112.7 



100.0 
108.2 
110.6 



1.28 



2.02 
2.07 
1.00 



eslt. 
1.21 
2.00 

2.77 
2.78 
2.76 



caU. 



1.78 
1.56 
1.57 
1.55 



1.62 



1.03 
2.78 
2.60 
2.58 
2.54 



56.6 
67.7 
70.2 



2.03 



100.3 



1.31 
1.06 
1.15 



1.17 



102.0 
104.5 
100.5 



U.IO 
2.82 
2.77 
2.70 



1.76 
1.57 
1.55 
1.51 



(0 



lontal 
Idlo- 



Axl.OOO 



^M.^cal. 



0.506 
.443 
.443 
.430 



.458 



O) 
IVrkilo- 



of atep- 
Uft. 

Axl.OOO 



24.2 
20.2 
21.1 
10.6 



21.3 



(*) 
rape 

tiOBOf 



due to 
•top^ifl. 

2.34 XlOOi 



1.60 



U.IO 
3.00 
2.00 
2.72 



1.72 
1.67 
1.60 



1.66 



.532 
.511 
.485 



.504 



.530 
.408 
.476 



.501 



31.7 
35.5 
26.3 
28.4 



30.5 



30.4 
24.7 
22.8 



1.00 
1.60 
1.62 



1.74 



65.8 
53.2 
57.7 



»1.10 
2.58 
2.55 
2.54 



1.48 
1.45 
1.44 



1.46 



550 
.406 
.470 



.511 



466 
.475 
.457 



.466 



26.0 



18.6 
16.2 
16.1 



17.0 



22.5 
27.3 
25.0 



24.0 



p. dL 



10 
12 
11 
12 



11 



7 
7 

8 



8 



8 
10 
10 



13 
14 

15 



14 



10 





10 



'Avaraga of Taluaa obtained in eiperimente without food with lubjeot atandinc, February 26 to June 14. 1015, 
lmdtmtr%. (Sea table 5. pate 44.) 
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Tablb 31. — Increase in heoUroutptU of W. K, during horigontal walking in experimenls wUhotU food, 

{Values per minute.) — Ck>ntinued. 



Date 

and 

condition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(h) 

Dis- 
tance. 


(c) 

Hori- 
sontal 
kilo- 
gram- 
meters. 

a Xh 


id) 

No. of 
steps. 


(«) 

Rais- 
ing of 
body 
(step- 
lift). 


if) 

Work 
due to 
step- 
lift. 

axe 


io) 

Total 
heat. 


Increment in heat above 
value. 


Btandinc- 


ih) 

Total 

in- 
crease. 


(0 
Perhori- 
sontal 
kilo- 
gram- 
meter. 

^Xl.OOO 


(/) 
Per kilo- 
gram- 
meter 
of step- 
lift. 

^Xl.OOO 


(*) 

Propor- 
tion of 

inereaae 
due to 

step4ift. 

2.34 xlOO 


c 


/ 


3 


1916 
Mar. 31 : 


kg. 


fflSCSTf. 






tneters. 


9og» flit 


eaU. 
»1.10 
2.68 
2.61 
2.66 
2.60 


eaU, 


9fyi.-c(u. 


9m.-oa2f. 


p.cf. 


Walking... 




04.8 
66.8 
64.8 
64.9 


3,306 
3,366 
3,306 
3,310 


108.2 
109.8 
109.6 
107.6 


1.17 
1.20 
1.18 
1.17 


69.7 
61.2 
60.2 
69.7 


1.48 
1.61 
1.46 
1.40 


0.448 
.460 
.439 
.423 


24.8 
24.7 
24.1 
23.6 


9 
10 
10 
10 


Average . 

June 23: 

Standing . . . 


61.0 


66.1 




108.8 


1.18 






1.46 


.440 


24.3 


10 


















>1.10 
2.31 
2.28 
2.21 










Walking. . . 




68.2 
67.1 
66.0 


2,904 
2,849 
2,794 


108.0 
106.0 
106.4 


1.30 
1.36 
1.19 


64.9 
67.9 
69.4 


1.21 
1.18 
1.11 


.417 
.414 
.397 


18.6 
17.4 
18.7 


13 
13 
13 


Average . 




49.9 


67.1 




106.6 


1.28 






1.17 


.409 


18.2 


13 







^Average of values obtained in experiments without food with subject standing, February 26 to June 14, 1916r 
inoluiive. (See table 6, page 44.) 

Tablb 32. — Increase in hcal-autpul of B, D. B. during horisonlal walking in experiments without food, 

(Values per minute.) 



Date 

and 

condition. 


ia) 

Body- 
weii^t 
with 
cloth- 
ing. 


ih) 

Dis- 
tance. 


ic) 

Hori- 
sontal 
kilo- 
gram- 
meters. 

a Xb 


id) 

No. of 

steps. 


(e) 

Rais- 
ing of 
body 
(step- 
lift). 


if) 

Work 
due to 
step- 
lift. 

axe 


io) 

Total 
heat. 


Increment in heat above standing- 
value. 


ih) 

Total 

in- 
crease. 


(0 
Perhori- 
sontal 
kilo- 
gram- 
meter. 

^xi.ooo 


U) 
Pw kilo- 
gram- 
meter 
of step- 
lift. 

AX 1.000 


(*) 
Propor- 
tion of 
increase 
due to 
step-lift. 

2.34X100 


c 


f 


/ • 


1916. 
Oot.9: 

Btandinir . . . 


kg. 


metera. 






ffistors. 


hg. 9VI. 


eaU. 
1.19 
3.36 
3.16 


coif. 


gm.'Cal. 


gm.'Cale. 


p.ct. 


Walkins . . . 




67.8 
66.4 


3,468 
3,384 


94.2 
91.8 






2.17 
1.96 


0.626 
.679 






Average . 




1.30 


78.00 


26.1 


9 


60.0 


67.1 




93.0 


1.30 






2.07 


.603 


25.1 


9 
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Table 32.— /ncretue in heat-<nUpui of E, D, B. during hariwmUal wdking in expaimmUi 

(Values per minute.)— Oontinued. 



food. 



Date 

and 

condition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(6) 

Dis- 
tanoe. 


(c) 

Hori- 
sontal 
kilo- 
gram- 
meters. 

a Xh 


id) 

No. of 
steps. 


(«) 

Rais- 
ing of 
body 
(step- 
lift). 


(/) 

Work 

due to 

step- 

lift. 

a Xe 


io) 

Total 
heat. 


Increment in heat above i 
value. 


itandinc- 


Total 

in- 
crease. 


(0 
Perhori- 
lontal 
kilo- 
gram- 
meter. 

AXl.OOO 


U) 
Per kilo- 
gram- 
meter 
of step- 
lift. 

fcXl.OOO 


(*) 
Piopop> 

tionoT 
inoroMS 

due to 
stepJifi. 

2.34 XlOO 


c 


/ 


y 


1916. 
Oct. 19: 

Standing... 


*a. 


fnettrs. 






meters. 


kg. m. 


eale. 
1.14 
2.90 
3.14 
2.97 
3.19 


eale. 


^fft.-CCIi. 


gm.'OdU, 


fi. tL 


Walking... 




64.6 
64.1 
63.9 
64.5 


3,818 
3,788 
3,776 
3,812 


97.0 
96.4 
96.4 
96.2 


1.69 
1.89 
1.89 
1.85 


99.88 
111.70 
111.70 
109.34 


1.76 
2.00 
1.83 
2.05 


0.461 
.528 
.485 
.538 


17.6 
17.9 
16.4 
18.8 


13 
13 
14 
12 


Average . 

Got. 20: 

Standing . . . 




59.1 


64.3 




96.5 


1.83 






1.91 


.503 


17.7 


la 




















1.13 
3.00 
3.18 
3.12 
8.10 
3.11 










Walking. . . 




64.6 
64.4 
64.7 
64.5 
64.7 


3.798 
3,787 
3,804 
3,793 
3,804 


97.4 
97.0 
97.8 
97.8 
98.2 


1.85 
1.89 
1.85 
1.85 
1.93 


108.78 
111.13 
108.78 
108.78 
113.48 


1.87 
2.00 
1.99 
1.97 
1.98 


.492 
.528 
.523 
.519 
.521 


17.2 
18.0 
18.3 
18.2 
17.6 


14 
18 
18 
18 
18 


Average . 

Get 21: 

Standing... 




58.8 


64.6 




97.6 


1.87 






1.96 


.517 


17.8 


18 


















1.08 
2.97 
3.07 
3.08 
3.11 
3.07 






Walking. . . 




63.8 
63.6 
63.7 
63.8 
64.3 


3,828 
3,816 
3,822 
3,828 
3,858 


98.4 
97.6 
97.0 
96.8 
96.7 






1.89 
1.99 
2.00 
2.03 
1.99 


.494 
.521 
.523 
.530 
.516 






Average . 

Get 22: 

Standing . . . 




1.85 
1.89 
1.89 
1.86 


111.00 
113.40 
113.40 
111.60 


17.9 
17.5 
17.0 
17.8 


18 
18 
18 
18 


60.0 


63.8 




97.3 


1.87 






1.98 


.517 


17.8 


18 






• 












1.06 
3.12 
3.17 
3.20 
3.22 










Walking... 




71.6 
72.6 
72.6 
72.4 


4,246 
4,305 
4,305 
4,293 


101.0 

100.6 

99.6 

100.7 


2.20 
1.97 
2.01 


130.46 
116.82 
119.19 


2.06 
2.11 
2.14 
2.16 


.485 
.490 
.497 
.603 


15.8 
18.1 
18.0 


15 
18 
18 


Average . 

Got. 23: 

Standing. .. 












59.3 


72.3 




100.5 


2.06 






2.12 


.494 


17.3 


14 


















1.07 
3.23 
3.25 
3.19 
3.25 










Walking. . . 




71.6 
72.4 
72.2 
72.6 


4,260 
4,308 
4,296 
4,320 


101.8 
101.0 
100.6 
100.8 


1.99 
2.01 
2.20 
2.30 


118.41 
119.60 
130.90 
136.85 


2.16 
2.18 
2.12 
2.18 


.507 
.506 
.403 
.606 


18.8 
18.1 
16.2 
16.9 


18 
18 
14 
15 


Average . 




59.5 


72.2 




101.1 


2.13 






2.16 


.603 


17.1 


14 
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Tablb 32. — Inenate in Aeof-ottf pu/ of E. D. B. durina korinnUd wJking in exptrimmU irithaut food. 

(Valuea per mtntite.) — Continued. 



Date 

and 

ooiidition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(6) 

Die- 
tanoe. 


(c) 

Hori- 
lontal 
kilo- 
gram- 
meters. 

a X 6 


(d) 

No. of 
steps. 


(e) 

Rais- 
ingof 
body 
(■tep- 
lift). 


(/) 

Work 
due to 
step- 
lift. 

a X « 


(0) 

Total 
heat. 


Increment in heat above 
value. 


standing- 


(h) 

Total 

in- 
crease. 


(0 
Per hori- 
lontal 
kilo- 
gram- 
meter. 

AX 1.000 


U) 

Perldlo- 

gram- 

meter 

of stei^ 

lUt. 

AX 1.000 


(*) 
Propor- 
tion off 
increase 
due to 
step-lift. 

2.34X100 


c 


/ 


J 


1015. 
Cot. 25: 

Standing... 


kg. 


wuUrt, 






wuien. 


KQ, m. 


ea2t. 
1.07 
3.12 
3.22 
3.22 
3.24 
3.27 


edU. 


0Ni.-«aZ. 


0Ni.-ea2t. 


p.eL 


Walking. . . 




72.5 
72.0 
73.0 
73.7 
.73.7 


4,278 
4,301 
4,307 
4,348 
4,348 


101.4 
101.1 
101.4 
101.4 
101.4 


2.28 
2.60 
2.48 
2.50 
2.53 


134.52 
153.40 
146.32 
152.81 
140.27 


2.05 
2.15 
2.15 
2.17 
2.20 


0.470 
.500 
.400 
.400 
.506 


15.0 
14.0 
14.7 
14.1 
14.7 


15 
17 
16 
17 
16 


Average . 

Get. 26: 

Standing... 




50.0 


73.2 




101.4 


2.50 






2.14 


.407 


14.7 


16 


















1.06 
3.15 
3.10 
3.25 
3.10 
3.23 






 


Walking... 




72.5 
72.2 
73.5 
72.0 
73.2 


4,234 
4,216 
4,202 
4,257 
4,275 


103.0 
101.8 
102.4 
102.6 
102.2 


2.38 
2.50 
2.52 
2.46 
2.50 


130.00 
146.00 
147.17 
143.66 
146.00 


2.00 
2.13 
2.10 
2.13 
2.17 


.404 
.505 
.510 
.500 
.508 


15.0 
14.6 
14.0 
14.8 
14.0 


16 
16 
16 
16 
16 


ATcrage . 
Oet.27: 




58.4 72.0 




102.4 


2.47 






2.14 


.503 


14.8 


16 






















1.07 
3.22 
3.27 
3.30 
3.38 
3.40 
3.44 








Walking... 




76.6 
77.0 
77.3 
78.3 
78.5 
78.6 


4,481 
4,505 
4,522 
4,581 
4,502 
4,508 


104.2 
103.8 
104.4 
104.6 
105.0 
105.0 


2.75 
2.04 
2.02 
2.08 
2.04 
2.05 


160.88 
171.00 
170.82 
174.33 
171.00 
172.58 


2.15 
2.20 
2.23 
2.31 
2.33 
2.37 


.480 
.488 
.403 
.504 
.507 
.515 


13.4 
12.8 
13.1 
13.3 
13.5 
13.7 


18 
18 
18 
18 
17 
17 


Get 28: 

Standing... 




58.5 


77.7 




104.5 


2.01 






2.27 


.408 


13.3 


18 


















1.08 
3.23 
3.20 
3.33 
3.36 
3.30 










Walking... 




77.1 
77.8 
77.8 
78.1 
78.2 


4,526 
4,567 
4,567 
4,584 
4,500 


106.6 
106.6 
105.8 
106.4 
107.2 


2.57 
2.67 
2.83 
2.05 
2.00 


150.86 
156.73 
166.12 
173.17 
170.23 


2.15 
2.21 
2.25 
2.28 
2.22 


.475 
.484 
.403 
.407 

.484 


14.2 
14.1 
13.5 
13.2 
13.0 


17 
16 
17 
18 
18 


ATerage . 

Get. 20: 

Standing... 




58.7 


77.8 




106.5 


2.78 






2.22 


.487 


13.6 


17 


















1.00 
3.36 
3.33 
3.40 
3.50 










Walking... 




77.1 
78.1 
78.3 
78.5 


4,557 
4,616 
4,628 
4,639 


104.4 
106.1 
104.4 
104.4 


2.07 
2.00 
2.05 
2.00 


175.53 
171.39 
174.35 
176.71 


2.27 
2.24 
2.31 
2.41 


.408 
.485 
.400 
.520 


12.0 
13.1 
13.2 
13.6 


18 
18 
18 
17 


Average . 




50.1 


78.0 


« 


104.8 


2.05 






2.31 


.501 


13.2 


18 




1 
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Tablb Z2j— Increase in 


heat-cutptU of E, D. B. durinq hortMonlal walking in experimenU vnthoul food. 
(Values per mintite.) — Continued. 


Date 

and 

condition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(6) 

Die- 
tance. 


(c) 

Hori- 

Bontal 

kUo- 

gram- 

meters. 

aXb 


id) 

No. of 
steps. 


(«) 

Rais- 
ing of 
body 
(step- 
lift). 


(/) 

Work 
due to 
step- 
lift. 

a X e 


(0) 

Total 
heat. 


Increment in heat above standinf- 
value. 


ih) 

Total 

in- 
crease. 


(0 
Perhori- 
sontal 
kilo- 
gram- 
meter. 

*X 1.000 


U) 
Per kilo- 
gram- 
meter 
of step- 
lift. 

*X 1.000 


(*) 
Propor- 
tion of 
inoreaaa 
due to 
Btep4ift 

2.34X100 


e 


/ 


• 

J 


1916. 
Oct. 30: 

Btandins . . . 


kg. 


meien. 






meters. 


kg. m. 


cols. 

4.08 

2.42 

2.32 

2.34 


cals. 


gm.'CaL 


gtH.-cals, 


p.eU 


Walking. . . 




46.2 
43.6 
43.1 


2,663 
2,663 
2,630 


80.0 
81.0 
79.8 


0.70 
.68 
.61 


41.09 
39.92 
36.81 


1.34 
1.24 
1.26 


0.606 
.486 
.498 


32.6 
31.1 
32.4 


7 
8 

7 


Average . 

Nov. 1: 

Standing. . . 




68.7 


43.9 




80.8 


.66 






1.28 


.496 


32.0 


7 


















4.08 
2.33 
2.31 
2.32 










Walking... 




44.9 
44.6 
43.5 


2,649 
2,626 
2,667 


79.2 
80.0 
79.8 


.76 
.70 
.72 


44.26 
41.30 
42.48 


1.26 
1.23 
1.24 


.472 
.468 
.483 


28.2 
29.8 
29.2 


8 
8 
8 


Average . 

Nov. 2: 

Rtftnding . . . 




69.0 


44.3 




79.7 


.72 






1.24 


.474 


29.1 


8 


















U.08 
2.31 
2.36 
2.30 










Walking... 




43.9 
43.4 
42.3 


2,677 

2,648 
2,483 


80.8 
79.4 
79.4 


.73 
.72 
.64 


42.86 
42.26 
37.67 


1.23 
1.27 
1.22 


.477 
.498 
.491 


28.7 
30.0 
32.4 


8 
8 

7 


Average . 

Nov. 3: 

Standing. .. 


• ••••• 

• 


68.7 


43.2 




79.0 


.70 






1.24 


.489 


30.4 


8 






 












»1.08 
2.27 
2.28 
2.23 










Walking. . . 




46.4 
44.7 
43.4 


2,674 
2,633 
2,666 


80.8 
80.0 
96.2 


.76 
.84 
.69 


44.18 
49.48 
40.64 


1.19 
1.20 
1.16 


.446 
.466 
.460 


26.9 
24.2 
28.3 


9 
10 

8 


Average . 

Nov. 4: 

Standing. . . 




68.9 


44.6 




86.3 


.76 






1.18 


.460 


26.6 


9 


















4.08 
2.43 
2.46 
2.64 










Walking... 




63.6 
63.2 
63.9 


3,119 
3,102 
3,142 


86.4 
86.4 
86.6 


1.17 
1.11 
1.24 


68.21 
64.71 
72.29 


1.36 
1.37 
1.46 


.433 
.442 
.466 


19.8 
21.2 
20.2 


12 
11 
12 


Average . 

Nov. 6: 

Standing. .. 




68.3 


63.5 




86.5 


1.17 






1.39 


.447 


20.4 


12 


















4.08 
2.32 
2.32 
2.32 










Walking... 
Average . 


• ••••• 


46.9 
46.2 
46.6 


2,739 
2,698 
2,663 


82.2 
81.8 
81.6 


.86 
.80 
.79 


49.64 
46.72 
46.14 


1.24 
1.24 
1.24 


.463 
.460 
.466 


26.1 
26.6 
26.9 


9 
9 
9 


68.4 


46.2 




81.9 


.81 

 






1.24 


.460 


26.2 


9 













; Average of values obtained in experiments without food, with subject standing, October 11 to December 2S, 
1915, inclusive. (See table 6. page 46.) 
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Tablb 32.— /ncre(M0 in hetU-ouiput of E. D. B. durina horieonlid VHilking in experimenU wiUumi fcoi. 

(Values per mtnute.)— Continued. 



Date 

and 

condition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


Dis- 
tance. 


(c) 

Hori- 
sontal 
kilo- 
gram- 
meters. 

aXh 


(d) 

No. of 
steps. 


(0 

Rais- 
ingof 
body 
(step- 
lift). 


(/) 

Work 
due to 
step- 
lift. 

a X e 


(if) 

Total 
heat. 


Increment in heat above standings 1 
value. 1 


(h) 

Total 

in- 
crease. 


(0 
Per hori- 
sontal 
kilo- 
gram- 
meter. 

AX 1*000 


(J) (*) 
Per kilo- Ptopoiw 

gram- tion of 

meter inerean 

of step- doe to 

lift. atethOift 

AX 1,000 2.84X100 


e 


/ 


/ 


1915. 
Nov. 13: 

Standing... 


*a. 


tneUn. 






tnettn. 


kg, m. 


eal9. 
4.08 
3.04 
3.23 
3.11 


cdU, 


fftn^'CdL, 


0m.-ea2t. 


Si.cC 


Walking... 




76.1 
76.9 
77.0 


4,467 
4,514 
4,520 


104.2 
103.2 
104.4 


2.61 
2.96 
2.67 


153.21 
173.75 
156.73 


1.96 
2.15 
2.03 


0.439 
.476 
.449 


12.8 
12.4 
12.3 


18 
19 
19 


Average . 
Nov. 15: 




68.7 


76.7 




103.9 


2.75 






2.05 


.455 


12.5 


19 










f , , . , , . 








U.08 
3.15 
3.21 
3.18 










Walking... 




76.3 
77.1 
77.5 


4,525 
4,572 
4,596 


103.0 
104.6 
104.4 


2.80 
2.93 
2.77 


166.04 
173.75 
164.26 


2.07 
2.13 
2.10 


.457 
.466 
.457 


12.5 
12.3 
12.8 


19 
19 
18 


Average . 

Nov. 16: 

Standing... 




59.3 


77.0 




104.0 


2.83 






2.10 


.460 


12.5 


19 


















4.06 
3.19 
3.17 
3.17 








Walking. . . 




76.4 
77.0 
77.4 


4,485 
4,520 
4,543 


102.8 
104.2 
104.1 


2.92 
2.81 
2.97 


171.40 
164.95 
174.34 


2.11 
2.09 
2.09 


.470 
.462 
.460 


12.3 
12.7 
12.0 


19 
18 
80 


Average . 
Nov. 17: 

Standing, . , 




58.7 


76.9 




103.7 


2.90 






2.10 


.464 


12.3 


19 


















4.08 
2.29 
2.28 
2.30 










Walking... 




46.2 
45.4 
45.6 


2,707 
2,660 
2,672 


79.0 
79.0 
79.0' 


.86 
.75 
.74 


50.40 
43.95 
43.36 


1.21 
1.20 
1.22 


.447 
.451 
.457 


24.0 
27.3 
28.1 


10 
9 

8 


Average . 

Nov. 18: 

StanHfng. . . 




58.6 


45.7 




79.0 


.78 






1.21 


.452 


26.5 


9 


















1.01 
2.46 
2.39 
2.47 
2.50 
2.51 










Walking... 




55.7 
54.9 
54.6 
54.9 
54.7 


3,253 
3,206 
3,189 
3,206 
3,194 


87.4 
87.4 
88.0 
87.8 


1.32 
1.27 
1.21 
1.10 
1.15 


77.09 
74.17 
70.66 
64.24 
67.16 


1.45 
1.38 
1.46 
1.49 
1.50 


.446 
.430 
.458 
.465 
.470 


18.8 
18.6 
20.6 
23.2 
22.8 


18 
18 
11 
10 
11 


Average . 
Nov. 19: 




58.4 


55.0 




88.3 


1.21 






1.46 


.454 


20.7 


11 


















1.02 
3.06 
3.24 
3.19 
3.22 
3.25 








Walking... 




76.5 
77.7 
77.9 
78.4 
78.9 


4,468 
4,538 
4,549 
4,579 
4,608 


104.8 
104.3 
103.0 
104.6 
104.0 


2.44 
2.49 
2.47 
2.46 
2.31 


142.50 
145.42 
144.25 
143.66 
134.90 


2.04 
2.22 
2.17 
2.20 
2.23 


.457 
.489 
.477 
.480 

• 4o4 


14.3 
15.3 
15.0 
15.3 
16.5 


16 
15 
10 
15 
14 


Average. 




58.4 


77.9 




104.1 


2.43 






2.17 


.477 


15.8 


15 











^Average of values obtained in experiments without food, with subjects standing, October 11 to Deoembor 88, 
1916, inclusive. (See table 6, p. 46.) 
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Tablb 32. — InencM in heai-inUinU of E. D, B. during hariwonUd walking in experimenU uriilunUfood* 

(Valuea per mintUe.) — Continued. 



Date 

and 
condition. 


(o) 

Body- 
weight 
with 
cloth- 
ing. 


(6) 

Dis- 
tance. 


(c) 

Hori- 

sontal 

kUo- 

gram- 

meters. 

aXb 


(d) 

No. of 
steps. 


Rais- 
ing of 
body 
(stei>- 
lift). 


(/) 

Work 
due to 
step- 
lift. 

a X e 


(0) 

Total 
heat. 


value. 


Total 

in- 
crease. 


(0 
Perhori- 

lontal 
kilo- 
gram- 
meter. 

AX 1,000 


01 
Perkflo- 
gram- 
meter 
of step- 
lift. 

AX 1.000 


tionof 
inonaie 
due to 
8tep4lft 

2.34X100 


c 


/ 


• 


1016. 
Apr. 3: 


AV. 


mei€r». 






tneUr*. 


kg, m. 


caU. 
1.10 
2.18 
2.27 
2.25 


eaU. 


gm.-€dl. 


gm.'Cah, 


p,€L 


Walking. . . 




35.1 
35.7 
36.7 


2,152 
2,188 
2,250 








.00 
1.08 
1.06 


0.460 
.404 
.471 






Average . 
Apr. 4: 


































61.3 


35.8 












1.04 


.475 
































1.13 
2.30 
2.25 
2.33 










Walking. . . 




35.0 
37.0 
37.0 


2,183 
2,250 
2,250 








1.17 
1.12 
1.20 


.536 
.408 
.533 






Average . 
Apr. 5: 


































60.8 


36.6 












1.16 


.522 
































1.18 
3.53 
3.42 
3.51 










Walking... 




77.4 
76.5 
70.3 


4,714 
4,650 
4,820 








2.35 
2.24 
2.33 


.400 
.481 
.483 






Average . 
Apr. 10: 


































60.0 


77.7 












2.31 


.488 


















=— ' 














1.16 
3.50 
3.56 








Walking... 




78.7 
77.1 


4,832 
4,734 








2.43 
2.40 


.503 
.507 






Average . 
Apr. 11: 
























61.4 


77.0 












2.42 


.505 
































1.16 
4.47 
4.14 
4.10 










Walking... 




05.0 
02.0 
80.0 


5,840 
5,603 
5,420 








3.31 
2.08 
2.04 


.567 
.532 
.542 






Average . 
Apr. 12: 


































60.0 


02.3 












3.08 


.547 



















.... ' « « * • 














1.21 
4.34 
4.18 
4.04 










Walking. . . 




80.2 
80.0 
86.6 


5,423 
5,411 
5,265 








3.13 
2.07 
2.83 


.577 
.540 
.538 






Average . 

Apr. 13: 

Rtanding t t 


































60.8 


88.3 












2.08 


.555 
































1.17 
4.55 
4.50 
4.20 










Walking. . . 




00.7 
07.7 
04.0 


6,072 
5,050 
5,770 








3.38 
3.42 
3.12 


.557 
.575 
.540 






Average. 


































60.0 


07.4 












8.31 


.557 





















EXPERIBCENTS WITH HORIZONTAL WALKING. 
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Tablb 33.— /ncrwow in hMt-outjnU of /. H. G., E. L. F., and H. M, S, during harimnUal waVeing in 

experiments without food, ( Valuee per minute,) 



Date 

and 

condition. 


(a) 

Body- 
weight 
with 
cloth- 
ing. 


(6) 

Dis- 
tance. 


(c) 

Hori- 

sontal 

kilo- 

meters. 
aXb 


id) 

No. of 
steps. 


(e) 

ingof 
body 
(step- 
lift). 


if) 

Work 
due to 
step- 
lift. 

a X e 


io) 

Total 
heat. 


Increment in heat above standing- 
value. 


ih) 

Total 

in- 
crease. 


(0 
Per hori- 
aontal 
kilo- 
gram- 
meter. 

AX 1,000 


• iJ) (fc) 
Per kilo- Propor- 
gram- tion of 
meter inoreaae 
of step- due to 
lift. step-lift. 

AX 1.000 2.34X100 


c 


/ 


• 


J. H. G. 

1916 

Jan. 18; 

Atandinff . 


ko^ 


tnetert. 






meters. 


kg, m. 


cols, 
1.39 
3.55 
3.45 
3.39 


eal§. 


gm,'Col. 


gm.-cdU, 


p,eL 




66.3 
55.2 
54.5 


3,832 
3,825 
3,777 


83.8 
90.6 
90.0 


1.05 
1.37 
1.52 


72.8 

94.9 

105.3 


2.16 
2.06 
2.00 


0.564 
.539 
.530 


29.7 
21.7 
19.0 


8 
11 
12 


Walking . 




Average . 
Jan. 19: 




69.3 


55.0 




88.1 


1.31 






2.07 


.544 


23.5 


10 


















1.29 
3.31 
3.42 
3.31 










Walkinfl 




55.3 
55.1 
53.8 


3,821 
3,807 
3,718 


88.9 
105.2 
108.8 


1.71 
1.71 
1.54 


118.2 
118.2 
106.4 


2.02 
2.13 
2.02 


.529 
.559 
.543 


17.1 
18.9 
19.0 


14 
12 
12 


Average . 
Jan. 20: 

fitAHflinff 




69.1 


54.7 




101.0 


1.65 






2.06 


.544 


18.3 


18 


















1.33 
3.33 
3.33 
3.26 










Walking. . . 




55.0 
55.6 
53.5 


3,930 
3,909 
3,761 


89.7 

96.2 

105.4 


1.70 
1.76 
1.67 


119.5 
123.7 
117.4 


2.00 
2.00 
1.93 


.509 
.512 
.513 


16.7 
16.2 
16.4 


14 
14 
14 


Average . 

E. L. F. 
Jan. 21: 




70.3 


55.0 




97.1 


1.71 






1.98 


.511 


16.4 


14 


















1.36 
3.85 
3.39 
3.40 










Walkina . . . 




52.5 
52.3 
52.5 


3,801 
3,787 
3,801 


90.6 
90.4 
89.8 


1.71 
1.80 
1.84 


123.8 
130.3 
133.2 


2.49 
2.03 
2.04 


.655 
.536 
.537 


20.1 
15.6 
15.3 


12 
16 
15 


Average . 
Jan. 22: 

RtAfiHinff 




72.4 


52.4 




90.3 


1.78 






2.19 


.576 


17.0 


14 


















1.26 
3.39 
3.40 
3.33 










Walking. . . 




53.6 
52.5 
52.3 


3,945 
3,864 
3,849 


96.6 
93.2 


1.98 
1.59 


145.7 
117.0 


2.13 
2.14 
2.07 


.540 
.554 
.538 


14.6 
18.3 


16 
13 


Average . 














73.6 


52.8 




94.9 


1.79 






2.11 


.544 


16.5 


14 
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Table 33.— /novoM tn heat-auipui cf /. ff. (?., E. L. F. and H. M. S. diving harimmlal walkingZim 

experimenU wiUunii food. (Valua per mtiiiilc.)— Continued. 



Date 

and 

condition. 


(a) 

Bod>-- 
weight 
with 
cloth- 
ing. 


ib) 

Dia- 
tance. 


(c) 

Hori- 
sontal 

kUo- 

grun- 

meten. 

a Xb 


(d) 

No. of 
steps. 


(e) 

Raia- 
ingof 
bod}- 
(»tep- 
lift). 


if) 

Work 
due to 
step- 
lift. 

a xe 


(0) 

Total 
heat. 


Increment in heat above 
value. 




(*) 

Total 

in- 
crease. 


(0 
Pcrhori- 

Bontal 
kilo- 
gram- 
meter. 

Axl.OOO 


U) 
Per kilo- 
gram- 
meter 
of step- 
lift. 

Axl.OOO 


(*) 

tionof 
inerasM 

due to 
step-lift. 

2.34 xlOO 


e 


/ 


• 

J 


R L. F. (Cont.) 
Jan. 24: 

Standing.. . 


kg. 


melen. 






mcfert. 


lcQ» in. 


eah. 

1.24 
3.28 
3.24 
3.21 


eah. 


gm.'tal. 


am.'caU. 


peL 


Walking... 




49.6 
49.2 
48.4 


3,576 
3,547 
3,490 


95.9 

100.8 

90.4 


1.58 
1.64 
1.61 


113.9 
118.2 
116.1 


2. 04 
2.00 
1.97 


0.570 
.564 
.564 


17.9 
16.9 
17.0 


13 
14 
14 


Average . 

H. M. S. 
Jan. 25: 

Standing . . . 




72.1 


49.1 




95.7 


1.61 






2.00 


.566 


17.3 


14 


' 
















1.13 
2.97 
2.78 
2.79 








Walkinc . . 




44.6 
42.2 
41.6 


2.944 
2,785 
2,746 


79.2 
76.2 
76.0 


1.74 
1.68 
1.70 


114.8 
110.9 
110.2 


1.84 
1.65 
1.66 


.625 
.592 
.605 


16.0 
14.9 
15.1 


15 
16 
16 


Jan. 2«: 




66.0 


42.8 




77.1 


1.71 






1.72 


.607 


15.3 


15 


















1.12 
3.18 
3.07 
3.(H 














53.5 
52.7 
52.3 


3,520 
3,468 
3,441 


90.4 
77.2 
83.2 


2.36 
2.34 

2.37 


155.3 
154.0 
155.9 


2.06 
1.95 
1.92 


.585 
.562 
.558 


13.3 
12.7 
12.3 


18 
18 
19 


Average . 




65.8 


52.8 




83.6 


2.36 






1.98 


.568 


12.8 


18 









In considering the data in tables 29 to 33 for the increment over the 
standing requirement, it should be remembered that, as explained on 
page 94, the standing metabolism was not obtained on each day that 
walking experiments were performed and whenever this was the case, 
an average value, or a value determined from a series of da}*s nearest 
the time of the walking experiments, has been used. The selection of 
the standing values to be used on those daj's for which it was not de- 
termined has been a matter of some diflSculty. Thus, H. R. R. on 
March 20 showed an unusually high standing metabolism. This 
value has been employed in computing the increase for walking on that 
day, but it has been considered that probably the measurements found 
on April 10 and 17 more nearly represent the normal basal metabolism 
for this man, and the average for these two days has been used in 
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have been averaged. At times consecutive periods of the same day 
fall into different groups if by chance the speeds of the different 
periods on that day are very near the dividing-line. Each group 
contains as a rule the results of several days which were in many cases 
quite widely distributed. 

Table 35. — Metabolism during horiaonUd tDoiking in exverimenU withmU food, grouped 

according to speed of walking. (Average vaiues per mtfiute.) 



Subject and 
speed, in 
meters. 


No. of 
periods. 


Average 
distance 
walked. 


No. of 
steps. 


Hori- 
sontal 
kilo- 
gram- 
meters 
of work 
done. 


Respira- 
tion- 
rate. 


Pul- 
monary 
venti- 
lation 

(re- 
duced). 


Body- 
tem- 
pera- 
ture. 


Blood- 
pres- 
sure. 


A. J. C: 

60 to 65 
H. R. R.! 

60 to 65 

65 to 70 
T. H. H.: 

60 to 65 

65 to 70 
W. K.: 

55 to 60... 

60 to 65... 

65 to 70... 
E. D. B.: 

d5to 40.. 

40to 45.. 

45 to 50.. 

50to 55.. 

55to 60.. 

60to 65.. 

65 to 70.. 

70 to 75.. 

75 to 80.. 

85to 90.. 

00 to 100.. 
J. H.G.: 

50 to 55... 

55 to 60. . . 
E.L.F.: 

45 to 50... 

50 to 55... 
H. M. 8.: 

45 to 50... 

50 to 55... 


6 

11 

4 

7 
14 

10 
19 
20 

6 
13 
22 
22 
18 
30 
15 
26 
37 
4 
5 

3 
6 

3 
6 

3 
3 


fMcters. 
63.0 

60.9 
67.1 

63.2 
67.1 

58.3 
62.9 
66.6 

36.2 
43.8 
46.3 
53.7 
56.5 
63.9 
66.8 
72.2 
77.5 
88.5 
96.0 

53.9 
55.4 

49.1 
52.6 

42.8 
52.8 


>96.8 

97.1 
103.3 

9^.6 
104.1 

106.6 
109.8 
114.7 

"*79!5" 

80.6 

»^7.4 

"89.7 

»96.5 

"98.4 

"101.6 

»104.7 

101.4 
92.3 

95.7 
»92.1 

77.1 
83.6 


4,689 

4,364 
4,932 

3,621 
3,828 

2,999 
3,247 
3,452 

2,212 
2,578 
2,722 
3,181 
3,371 
3,840 
3,929 
4,292 
4,584 
5,380 
5,849 


23.8 

17.3 
18.0 

•14.2 
14.6 

21.3 

20.8 

'22.4 

19.2 
18.7 
19.5 
20.7 
20.0 
19.4 
19.9 
19.0 
20.6 
24.1 
23.9 

19.4 
18.7 

5.4 
12.3 

17.5 
17.3 


liters. 
16.0 

14.8 
16.4 

11.4 
11.4 

11.1 
10.8 
11.7 

11.3 
11.1 
11.5 
13.3 
14.5 
14.2 
14.0 
13.9 
15.1 
18.5 
20.1 

16.1 
15.5 

13.6 
14.5 

12.1 
12.7 


*»C. 


Mffl. 
















• 














36.90 


120 






*37.03 

«36.84 

«37.18 

"37.13 

"36. 90 

»37.12 

37.25 

37.28 


n25 
n24 

"120 

"119 

14122 

*125 

130 

130 



























For footnotes, see facing page. 
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group for 65 to 70 meters were taken from experiments in the following 
months of November and December, when the effect of training had 
become apparent. This single exception to the effect of iocrease of 
speed gives evidence, therefore, of the effect of training in redudng the 
energy requirement. 

EwTEcr aw Spxed upon Totai. Imcrkasb nr Hxat-Outptjt. 

The energy-output over the standing requirement likewise increases 
with the increase in speed in much the same manner as was found with 
the total heat-output. This may be seen in the next to the last coltunn 
of table 35 and graphically in figure 10. The high values for E. D. B. 
at 60 to 65 meters per minute, most of which were obtained early in the 

TuuStt. — ^Parecnloga (••««>•• jnkM^outputi^ff. D. £. due to wnUbtuff 
on a leed al narioiu rpeed*. (yahua per mtnute.) 



HMseof 

■PMd. 


BariMnUl 
meMn. 


lacroMem 
hMtover 
■undine 


mtttn. 




p.tL 


SSto 40 


2,313 


M 


40to 4fi 


3.578 


111 


4J>to £0 


3,723 


113 


«0t« £5 


S,181 


137 


Uto 60 


aim 


143 


Mto U 


3,840 


187 


OSto 70 


3,S2B 


163 


70 to 7G 


4,383 


183 


7Sto 80 


4,SS4 


194 


SSto W) 


6,380 


260 


W to 100 


6,848 


376 



Tta. 10. — InorcmeutJ in total Iiekt«otput over itandiai n- 
qninninit (or rabJMt< walkinx on a loral at dilTsant 
ratal in matcn pw minnta. with paroMitaia Ibomm 
(brokan Una) for £. D. B. 
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MurschhauBer, grouped according to like speeds. The table shows the 
wide variations which may be found with different subjects and a3ao 
that no marked effect on this factor is evident below the speed of 80 
to 90 meters per minute (approximately 3 miles an hour). These 
average values are likewise given in the fonu of curves for the five 
inincipal subjects. (See fig. 11.) 



TablkSS 


(ValyMpermmvU.) 


lewl at diffmnt ipetdt. 


Subject. 


EnMiy ocMt (siD.-cal.) pw h. kc m. mt vaiioiu tpMdt. 


35-40 
meten. 


4(M5 


45-50 
nMt«n. 


50-56 
inet«n. 


65-80 
nwtort. 


80-65 
nwtera. 


66-70 
meten - 


70-75 


75-80 


85-00 


90-100 

meten. 














0.460 
.605 
.677 
.404 
.49» 
























0.835 
.579 
.409 
.454 










T.H.H 










oiiw 

.478 
.63S 


















E.D.B. 

J.H.G 


0.4M 


0.487 


0.444 


0.489 
.6» 
.MO 
.5ftS 


0.483 


0.478 


0.663 


O.SH 


















.807 


































0.4W 


.537 


.SOS 


.S31 


.403 


.627 


.530 
.487 


.482 
.564 
.513 


.478 
.600 

.632 


.563 


.SM 


8ubj«etir.. 










.521 


.498 


.637 


.SM 













■Baosdiot kod MurwhliBiuw, Canwcie lut. Wuh. Pub. No. 231, 1S16. 



Tia. II. — Average eoertT ei 



From table 38 aad figure 11 it is seen that an increase in speed ia 
accompanied by an increase in the cost per horizontal kilogrammeter 
with H. R. R. and W. K., but practicidly no change was found tor 
T. H. H. Table 38 also shows practically no change for J. H. G. and 
E. L. F., but with H. M. S. the cost per horizontal kilogrammeter fell. 
The curve of £. D. B. as a whole implies that there is practically no 
increase in the cost per horizontal kilogrammeter for medium speed, 
but for a speed above 80 to 85 meters per minute the cost increases. 
The group for the slowest speed, that for 35 to 40 meters per minute, 
shows a tendency to be higher than the succeeding groups, but theee 



EXFSRIMENTS WITH HOBIZONTAL WALKING. 153 

Tabu 41.— ATwntcr itf ttept ami hMA qf <<*HjE^ mlfejiv on a UmI. (Value* per 



EXPERIBIENTS WITH HORIZONTAL WALKING. 



161 



an increase in average speed from 43.8 to 77.5 meters per minute, while 
with an increase in speed from this point to 96.0 meters per minute, the 
increment in the respiration over the standing increased 3.3 respira- 
tions. 

The respiration-rate of E. L. F. was of marked peculiarity on the two 
days of January 22 and 24 as compared with the rate on January 21. 
(See table 12, p. 68.) On all three days the respiration tracings 
shown on the kymograph for the standing periods were normal and not 
dissimilar to those of l^e other subjects. This was also the case with 
his walking periods on January 21, but in his walking periods of 
January 22 and 24 there was a marked change, the rates fallhig to 5 to 
8 per minute, while the volume per respiration (unreduced), as meas- 

Tablb 44. — InenmenU in variou8 pkyHoloffieal factors due to waiting on a levd in experimenU 

vritkout food, (Values per mintUe,) 





No. of 
experi- 
mental 
periods. 




Respiration-rate. 


Pulmonary ventilation 
(reduced). 


Subject and speed. 


Average 
distance 


















walked. 




Increase 




Increase 






Average. 


over 


Average. 


over 










standing. 




standing 


A.J. C: 




meters. 






liters. 


liters. 


60 to 05 meters. . 


6 


63.0 


23.8 


2.0 


16.0 


8.2 


H. R. R.: 














60 to 65 meters. . 


11 


60.9 


17.3 


1.8 


14.8 


7.8 


65 to 70 meters. . 


4 


67.1 


18.0 


2.5 


16.4 


9.4 


T. H. H.: 














60 to 65 meters. . 


7 


63.2 


14.2 


1.3 


11.4 


4.9 


65 to 70 meters . . 


14 


67.1 


14.6 


1.7 


11.4 


4.9 


Tt . xW. I 














55 to 60 meters. . 


10 


58.3 


21.3 


.2 


11.1 


4.6 


60 to 65 meters. . 


19 


62.9 


20.8 


-.a 


10.8 


4.3 


65 to 70 meters. . 


20 


66.6 


22.4 


1.3 


11.7 


5.2 


E. D. B.: 














35 to 40 meters. 


6 


36.2 


19.2 


3.8 


11.3 


2.2 


40 to 45 meters. 


13 


43.8 


18.7 


3.3 


11.1 


2.0 


45 to 50 meters. 


22 


46.3 


19.5 


4.1 


11.5 


2.4 


50 to 55 meters. 


22 


53.7 


20.7 


5.3 


13.3 


4.2 


55 to 60 meters. 


18 


56.5 


20.0 


4.6 


14.5 


5.4 


60 to 65 meters. 


30 


63.9 


19.4 


4.0 


14.2 


5.1 


65 to 70 meters. 


15 


66.8 


19.9 


4.5 


14.0 


4.9 


70 to 75 meters. 


26 


72.2 


19.0 


3.6 


13.9 


4.8 


75 to 80 meters. 


37 


77.5 


20.6 


5.2 


15.1 


6.0 


85 to 90 meters. 


4 


88.5 


24.1 


8.7 


18.5 


9.4 


90 to 100 meters. 


5 


96.0 


23.9 


8.5 


20.1 


11.0 


J. H. G.: 


• 












50 to 55 meters . . 


3 


53.9 


19.4 


3.1 


16.1 


5.5 


55 to 60 meters.. 


6 


55.4 


18.7 


2.4 


15.5 


4.9 


E. L. F.: 














45 to 50 meters . . 


3 


49.1 


5.4 


-9.6 


13.6 


3.0 


50 to 55 meters . . 


6 


52.6 


12.3 


-2.7 


14.5 


3.9 


H. M. 8.: 














45 to 50 meters . . 


3 


42.8 


17.5 


.6 


12.1 


2.1 


50 to 55 meters . . 

* 


3 


52.8 


17.3 


.4 


12.7 2.7 
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-IncremenU in varioua vhynological factor a due to walking on a level in experimenU 
without food, ( Valuee per minute, > — Continued. 



Subject and speed. 


Pulse-rate. 


Body-temperature. 


Blood-pressure. 


Average 


Increase 

over 
standing. 


Average. 


Increase 

over 
standing. 


Average. 


Increase 

over 
standing. 


A. J. O.: 

60 to 65 meters. . 


• 




•c. 


•c. 


mm. 


mm. 


H. R. R.: 

60 to 65 meters.. 
65 to 70 meters. . 
T. H. H.: 

60 to 65 meters.. 
65 to 70 meters. . 

▼T • JEL. I 

55 to 60 meters . . 

60 to 65 meters.. 

65 to 70 meters. . 
E. D. B.: 

35 to 40 meters. 

40 to 45 meters. 

45 to 50 meters. 

50 to 55 meters. 

55 to 60 meters. 

60 to 65 meters. 

65 to 70 meters. 

70 to 75 meters. 

75 to 80 meters. 

85 to 90 meters. 

90 to 100 meters. 
J. H. G.: 

50 to 55 meters. . 

55 to 60 meters. . 
E. L. F.: 

45 to 50 meters . . 

50 to 55 meters . . 
H. M.S.: 

45 to 50 meters. . 

50 to 55 meters . . 


104 
110 

100 
96 

75 
85 

84 

72 
74 
68 
77 
76 
95 
78 
82 
85 
94 
98 

98 
94 

100 
89 

93 

88 


11 
17 

4 


-4 
6 
5 

-6 
-4 

-10 

-1 

-2 

17 



4 

7 

16 

20 

-12 
-16 

-7 
-18 

1 
- 4 


























































36.90 


0.01 


120 


3 










37.03 
36.84 
37.18 
37.13 
36.90 
37.12 
37.25 
37.28 


.14 
-.05 
.29 
.24 
.01 
.23 
.36 
.39 


125 
124 
120 
119 
122 
125 
130 
130 


8 
7 
3 
2 
5 
8 
13 
13 



















































iired by the kymograph tracings, was increased to not far from 3 
liters per respiration or approximately three times that of the average 
for the other subjects. The respiration-rates in the last two days were 
undoubtedly abnormal, althou^ E. L. F. reported that he was uncon- 
scious of making any effort and was not aware of breathing other than 
normally. He thought that once during the experiment his throat felt 
rather dry, and stated that at one time he had been troubled with 
asthma. 

PuLicoNART Ventilation DuBiNG Horizontal Walking. 

The data in tables 8 to 12 show that the pulmonary ventilation for a 
given speed was fairly uniform, also that there was no marked change 
from period to period during the day. The percentage increases over 
the average stiuiding rate for the various speed groups are given for 
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J. H. G., E. L. F., and H. M. S., at Bimilar epeeds, the puls»^rate during 
walking was lower than in the standing periods. The difference is in 
many cases pronounced and implies that even with a trained subject 
like E. D. B. it is possible to have a lower pulse during moderate walk- 
log than when standing. If, instead of using the average group values, 
the pulse-rates on the days when both standing and horizontal walking 
experiments were successively made are compared by plotting the ctm- 



Fia. 12. — Typical pulae-rate ouTrea lot E. D. B. and W. K. duriss ataiidiiis uid hoiuontat- 
wdluDB ozpwimenta. (Values per minute.) 

Speed of walldiiK indicated in meten. Change of oonditioo* •hown by arrom and nuinben: 1, 
nibjeot litting; 2, standing; 3, walking. Keoords ma^e in the experimental periods 
represented by blade points. Curve A, April 13; B, April 6; C, March 30; D, March 31; 
B. April 4, 1916; F. March IS; Q. March 17, 1915. 

tinuous pulse-readings during the forenoon, the relationship between 
standing and walking values will be more clearly shown. A few ciirves 
for W. K. and E. D. B. have been plotted in figure 12. Here it is 
seen that whereas the pulse-rate tended to increase during the walking 
periods, during the st^ding periods there was considerable variation; 
also, that as a rule the increase was marked when the subject changed 
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Table 46. — Record* thounn^ deenate in puj*e-nito of W. K. and B. D. B. in changing from ttanJtHf 

(Vaiiui ptr nrinute.} 



'No reeoidi tut period* II uid III. 
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Bodt-Temperattre Dtbxng Horxboxtal Wauoxq. 

There were 15 days of horizontal walking on which body-tenq)erature 
measurements were made with £. D. B., including in all 41 experimen- 
tal periods. These walking experiments were all preceded by standing 
experiments in which the body-temperature was likewise measured, 
so that a daily comparison may be made between the standing and 
horizontal-walking temperatures. These two series of data, which 
are given in tables 6a and 11a, pages 53 and 67, are summarized in 
table 47, in which it is seen that the average tenq>erature during the 
successive walking-periods increased slightly*, even though periods of 
rest intervened between the periods. It likewise shows that the 
variations in the average standing temperature were relatively slight 
from day to day and that the difference between the average standing 
temperature and the average temperature of the first walking-period 
shows in several cases a loss. This loss in temperature may have been 



Table 47. — Summary of body-temperature meatvremerUs of E. D. B. in 

experiment* uriihoul food. 


\ haritontat-wilking 


Date. 


Distance 

walked 

per minute. 


Average body-temperature in succeasive periods 
of boruontal-walking ezperimentfl. 


1 

1 

Average 
body- 
temperature 
during 
standing. 


Inereaae 
in body- 
temperature 
due to 
walking. 


First 
period. 


Second 
period. 


Third 
period. 


Fourth 
period. 


Average. 


1916 

Apr. 3 

4 

1 

Mar. 31 

29 

20 

Jan. 31 

Feb. 1 

Mar. 30 

22 

Apr. 5 

10 

12 

11 

13 

Average.. . 


meter: 
35.8 
36.6 
51.8 
54.1 
56.6 
60.1 
63.2 
63.6 
66.1 
75.9 
77.7 
77.9 
88.3 
92.3 
97.4 


36.86 
3655 
36. SO 
36. S6 
36.91 
36.59 
37.03 
37.05 
37.13 
36.90 
37.06 
36.95 
36.95 
36.94 
37.09 


37.12 
36.73 
37.02 
37.14 
37.00 
36.78 
37.20 
37.21 
37.17 
37.00 
37.23 
37.09 
37.28 
37.29 
37.46 


37.31 
36.84 
37.17 


•c. 


37-10 
36-71 
3700 
37.00 
36. 96 
36. 69 
37.25 
37.22 
37.15 
36.95 
37.22 
37.02 
37.19 
37.22 
37.39 


•c. 

36.68 
36.83 
36.74 
36.67 
36.72 
36.60 
37.22 
37.24 
37.07 
36.88 
36.95 
37.04 
36.95 
36.84 
36.93 


•c. 

0.42 

-.12 
.26 
.33 
.24 
.09 
.03 

-.02 
.08 
.07 
.37 

-.02 
.04 
.38 
.46 










37.34 
37.28 


37.42 
37.34 






37.38 






37.33 
37.43 
37.62 






• ••••■■•• 




53.1 


36.91 


37.18 


37.30 


37.38 


37.07 


36.89 


.17 



due to the removal of the blanket from around the subject, with a con- 
sequent increase in the loss of heat from the body-surface. (See p. 37.) 
It may also have been due to a change in position of the thermometer in 
the rectum, but the care used in inserting the thermometer to a definite 
depth and the frequent balancing of the leads renders this less likely. 
It is unfortunate that a blanket had to be used, but it was necessary 
to protect the subject when he was not exereising. 
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Fra. 14. — Tjrpiaml body-temperature curves (or E. D. B. during peiiodi of etuidiiig and periods 

of walldut OD a level iX veHout ipeeds. 
1> mbieot Bttiof ; 2i itUMUox; 3, walldns od • level. RmkUosi in experimental periodi indiealMl 

Iv black pointK Carve A, M*reb 2; B, April 4; C, April 1; D, Uaieh 20; E. Aptil 13; F, 

April 13. 1«1«. 
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the point of TninimuTn value at 10 seconds. Although the readings can 
not be said to be the blood-pressures during horizontal walking, it 
is believed that they approach closely to them, and as the conditions 
under which the readings were made were alike, the results are com- 
parable. 

Disregarding the fact that there was some variation in the speed of 
walking for the periods on the same day, it is seen in table 11a that the 
blood-pressure shows but little tendency to change from period to 
period on the same day, the difference being ^2 mm., with an extreme 
of 4 mm. on two occasions. 

For a comparison between the average standing and the average 
walking blood-pressures on the same date, a summary is presented in 
table 48. The blood-pressiire for the first walking-periods is here seen 
to be 5 to 16 mm. hi^er than the average standing values for the same 
day. The average increase is 9 mm. 

Tabls 48. — Summary rf Uood-pnsMvre recardt far S. D. B. tn harimmial'Walkmg txpair 

menu wUhmA food. 



Date. 


Distance 
walked 

per 
minute. 


perimenta. 


Averace 

blood- 

preanire 

dnrinc 
standing. 


Inereaat 
in blood- 
due to 
walking. 


Firrt 
period. 


Second 
period. 


Third 
period. 


Averafe. 


1916. 

Apr. 3 

4 

1 

Mar. 31 

29 

20 

30 

22 

Apr. 5 

10 

12 

11 

13 

Average 


meUre, 
35.8 
36.6 
51.8 
54.1 
56.6 
60.1 
66.1 
75.9 
77.7 
77.9 
88.3 
92.3 
97.4 


124 
117 
124 
124 
124 
122 
119 
122 
123 
129 
130 
130 
131 


123 
118 
125 
127 
125 
123 
117 
118 
127 
129 
129 
129 
131 


121 
118 
123 


fitfis. 
123 
118 
124 
126 
125 
123 
118 
120 
125 
129 
130 
129 
131 


mm, 
116 
113 
115 
120 
109 
114 
113 
110 
118 
121 
118 
118 
117 


7 

5 

9 

6 

16 

9 

5 

10 

7 

8 

12 

11 

14 










125 


130 
129 
131 


67.0 


125 


125 


125 


125 


116 


9 



The degree of increase over the standing does not show an evident 
connection with the speed, nor does the speed x>f walking show a uni- 
form effect upon the absolute blood-pressure readings until the rate <A 
88.3 meters per minute is reached. At this point the blood-pressure 
is noticeably hi^er than for the more moderate speeds. The average 
blood-pressure for the horizontal-walking experiments on the days 
when the speed was 75.9 meters per minute or below was 122 mm., and 
ranged from 118 to 126 mm. Above 75.9 meters per minute it was 
129 mm., ranging from 125 to 131 mm. 
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Table 50. — RetpiraHanF^rale and rate of pulmonary veniUaUan (unreduced) in exverimenU witiunUfood, for «fii4rMf 
effect cf lona and short duraHon of prdiminary mouthpiece breathing. Subject, E. D. B., standing, (Vdwm 
per minute.) — Continued. 





First comparison. 


Second comparison. 


Third comparison. 


After 15 


After 15 


After 15 


After 15 


After 15 


After 15 




mintUes 


seconds 


minutes 


seconds 


minutes 


seconds 




preliminary 
mouthpiece 


preliminary 
mouthpiece 


nmliminiirv 


nrAliminnrv 


preliminary 
mouthpiece 


preUminaiy 
mouthpiaea 




mouthpiece 


mouthpiece 


Data and 


breathing. 


breathing. 


breathing. 


breathing. 


breathing. 


breathiag. 


























interval 




Rate 




Rate 




Rate 




Rate 




Rate 




Rsts 


meamired. 




of pul- 




of pul- 




of pul- 




of pul- 




of pul- 




ofpol- 




Reepi- 


monary 


Respi- 


monary 


Respi- 


monary 


Respi- 


monary 


Respi- 


monaiy 


Respi- 


moony 




ration- 


venti- 


ration- 


venti- 


ration- 


venti- 


ration- 


venti- 


ration- 


venti- 


ration- 


vsnti- 




rate 


lation 


rate 


lation, 


rate 


lation 


rate 


lation, 


rate 


lation 


rate 


latioo. 




(fuU 


unre- 


Oi 


unre- 


(full 


unre- 


(K 


unre- 


(fuU 


unre- 


(H 


ume- 




mii^ 


duced 


min.). 


duced 


min- 


duced 


min.). 


duced 


min- 


duced 


min.). 


duoid 




utee). 


(fuU 
min- 
utes). 




min.). 


utes). 


(full 
min- 
utes). 




(X 
min.). 


utes). 


(fuU 
min- 
utes). 




(K 
niii). 


1016. 




liters. 




liters. 




liters. 




liters. 




liters. 




Ukn. 


Mar. 8: 






15.7 
15.3 
14.8 


11.1 

10.4 

0.8 






15.0 
15.5 
15.0 


11.3 
0.0 
0.8 






13.0 
14.1 
16.1 


0.8 

8.7 

10.4 




>14.2 


0.4 


14.0 


10.2 


15.4 


10.7 


14.4 


0.4 


15.6 


10.0 


15.2 


9.8 


15.2 


10.4 


15.2 
13.7 


0.0 
8.1 


14.8 
15.7 


8.7 
8.8 


14.3 


0.3 








14.2 


8.2 






15.0 


8.8 






16.2 


10.8 








16.1 


10.4 






16.6 


10.7 






15.8 


8.7 


admin 


44.2 


0.4 


16.1 


10.7 


14.5 


0.7 


16.0 


10.5 


15.3 


0.7 


16.2 


10.8 


15.2 


0.6 


15.3 


0.5 


16.0 
16.2 


8J 
10.8 


16.1 


10.6 


15.4 


0.0 








15.7 


0.3 






15.5 


0.8 






16.6 


10.7 








15.0 


11.1 






15.8 


0.8 






16.7 


10.4 


Sdmin 


15.3 


0.5 


17.0 


11.6 


16.0 


10.6 


14.2 


8.5 


16.1 


10.6 


15.7 


10.0 


16.2 


10.6 


15.2 
15.8 


0.5 
10.4 


16.1 
15.7 


10.4 
10.8 


17.0 


11.0 










16.0 


10.0 






16.7 


11.3 






15.8 


0.8 








16.5 


10.2 






17.8 


11.0 






16.7 


10.1 


4tli min.... 


14.2 


0.1 


17.0 


10.8 


17.4 


11.1 


18.1 


11.6 


16.3 


10.5 


15.2 


10.0 


16.6 


10.5 


17.1 


11.3 


16.2 


0.8 
10.1 


16.7 


11.0 




18.2 


11.0 








14.0 


0.0 






16.7 


11.3 






16.0 


11.6 








15.7 


0.8 






15.8 


10.7 






16.6 


11.6 




15.1 


0.0 


16.7 


11.5 


17.1 


11.1 


16.6 


10.0 


16.7 


10.7 


16.6 


11.0 


15.8 


10.6 


16.8 


11.2 


16.6 
16.7 


11. 1 
10. 1 


16.7 


12.2 


17.6 


11.3 




16.7 


10.7 


16.7 
16.0 


11.5 
11.5 


17.2 


11.0 


16.6 
16.8 


10.7 
10.2 
















1 





^Average of the first two full minutes. 
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TiXLm 51. — Sttpiration'Tate and rait of 



food, for tiudj/ing effeet of long and titort duration of prdimijuiry mouUtpieee broallatCg. 
SO per oent grade, at approximatdy 50 meter*. (ViUuet per minute.) 
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METABOLISM DURING WALKING. 



Table 51. — Reapiralionrrate and rale of mdmonary venHkUion (unreduced) in grade-wtking expenmente wUkmU 
foodf for sUidying efed of long and short duration of preliminary mouthpiece breathing, Subged, B. D, B^ 
SO per cent grade, at approximately 50 meters. {Values per mintcto.) — Continued. 





First comparison. 


Second comparison. 


Third comparison. 


After 15 


After 15 


After 15 


After 16 


After 15 


After 16 




miniUea 


seconds 


minutes 


seconds 


minutes 


seconds 




preliminary 


preliminary 


preliminary 


preliminary 


preliminary 


preliminaiy 




mouthpiece 


mouthpiece 


mouthpiece 


mouthpiece 


mouthpiece 


mouthpieo 


Date and 


breathing. 


breaUiing. 


breathing. 


breathing. 


breathing. 


breathing. 










1 






1 






interval 




Rate 




Rate 




Rate 




Rate 




Rate 




Rats 


measured. 




of pul- 




of pul- 




of pul- 




of pul- 




of pul- 




of pid- 




Respi- 


monary 


Respi- 


monaiy 


Respi- 


monary 


Respi- 


monary 


Respi- 


monary 


Respi- 


momtf 




ration- 


venti- 


ration- 


venti- 


ration- 


venti- 


ration- 


venti- 


ration- 


venti- 


ration- 


veoti* 




rate 


lation 


rate 


lation. 


rate 


lation 


rate 


lation, 


rate 


lation 


rate 


latioii, 




(fuU 


unre- 


iV* 


unre- 


(full 


unre- 


(X 


unre- 


(full 


unre- 


(K 


uue- 




mm- 


duced 


min.). 


duced 


min- 


duced 


min.). 


duced 


min- 


duced 


min.). 


dooed 




utes). 


(full 
min- 
utes). 




(K 

min.). 


utes). 


(fuU 
min- 
utes). 




min.). 


utes). 


(fuU 
min- 
utes). 




minO« 


1916. 




liters. 




liters. 




liters. 




liters. 




liters. 




UUrs, 


Bfar. 7 (cont) 
Sdmin 

4th min .... 

6th min 

6th min 

7th min 

Mar. 8: 






28.2 


64.5 


















28.3 
28.0 

29.6 

28.8 
28.1 


47.7 
49.8 

64.3 

52.5 
49.4 


30.2 
28.7 
29.2 


48.9 
48.8 
51.7 








































a 


29.1 


51.0 



























25.8 
28.9 
27.5 
30.6 


51.3 
49.3 
61.0 
62.3 




















• ■••••• 






















28.2 


51.0 


























29.1 
30.2 
24.6 
26.8 


60.2 
52.6 
63.2 
48.1 










































27.7 


51.0 
























^^^^H 












































21.8 


42.2 






28.9 


53.3 






28.9 


57.2 








21.8 


43.8 






26.8 


50.2 






29.1 


53.6 








25.9 


46.7 






28.5 


49.1 






30.2 


60.5 


lat min .... 


25.5 


48.9 


27.3 


51.3 


29.5 


52.1 


28.5 


52.2 


29.7 


53.0 


32.4 


55.9 


24.2 


46.0 


28.2 


51.2 


30.2 


54.1 


29.4 


51.2 


32.6 


69.8 


32.5 


59.4 








30.7 


58.7 






34.1 


60.8 






31.8 


63.4 








28.7 


65.8 






32.6 


66.7 






27.7 


59.4 


Sdmin 


28.6 


54.5 


28.4 


52.5 


30.8 


69.4 


29.8 


67.1 


28.0 


58.1 


29.6 


66.5 


29.3 


64.6 


32.3 


61.1 


30.4 


59.7 
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BCETABOLISM DURING WALKING. 

•Increase in the heatrouiput of A, J. 0. and H. R, R. during grade walking in 
experiments trithmU food. (Values per minute,) 



Subject and 
date. 


(a) 

Body- 
weight 
with 
clothing. 


(h) 
Grade. 


(0 

Distance 
walked. 


Horiion- 
tal com- 
ponent of 
distance. 


Grade- 
lift of 
body. 

(JbXe) 


0) 

Work 

due to 

grade- 

lift. 

(eXa) 


(ff) 

Step- 
lift. 


(h) 

Work 
due to 
step- 
lift. 

(gXa) 


(0 

Work 
of total 

lift 
(work of 
ascent). 


A. J. 0. 
Mar. 2 


kg. 


p. et. 


meiers. 
61.1 
68.1 


meters, 
61.1 
68.1 


meters, 
2.20 
2.45 


kg, m. 
162.8 
181.3 


meters. 


kg, tn. 


kg, m. 


Average.. 

H. R. R. 
Mar. 27 






















74.0 


3.6 


64.6 


64.6 


2.33 


172.1 










86.5 
123.1 
139.3 
165.7 








66.4 
66.4 
66.8 
66.6 


66.0 
66.0 
66.4 
66.2 


7.04 
7.04 
7.08 
7.06 


516.0 
516.0 
519.0 
517.5 


1.18 
1.68 
1.90 
2.26 


602.5 
689.1 
658.3 
683.2 


Average. . 
Apr. 3 


















73.3 


10.6 


66.6 


66.2 


7.06 


517.1 


1.76 


128.7 


645.8 






61.7 
61.0 
61.8 
62.2 


61.4 
61.6 
61.5 
61.9 


6.29 
6.31 
6.30 
6.34 


451.0 
452.4 
451.7 
454.6 


1.23 
1.31 
1.29 
1.36 


88.2 
93.9 
92.5 
97.5 


539.2 
546.3 
544.2 
552.1 


Average. . 
Apr. 24 


















71.7 


10.2 


61.9 


61.6 


6.31 


452.4 


1.30 


93.0 


545.5 






63.8 
64.2 
64.1 


63.4 
63.8 
63.7 


6.70 
6.74 
6.73 


473.0 
475.8 
475.1 


1.56 
1.68 
1.76 


110.1 
118.6 
124.3 


583.1 
594.4 
599.4 


Average.. 
May 1 














70.6 


10.5 


64.0 


63.6 


6.72 


474.6 


1.67 


117.7 


592.3 






71.8 
72.5 
73.1 
73.2 
73.0 
72.9 


71.4 
72.1 
72.7 
72.8 
72.6 
72.5 


7.54 
7.61 
7.68 
7.69 
7.67 
7.65 


542.9 
547.9 
553.0 
553.7 
552.2 
550.8 


2.02 
2.15 
2.47 
2.71 
3.07 
3.27 


145.4 
154.8 
177.8 
195.1 
221.0 
235.4 


688.3 
702.7 
730.8 
748.8 
773.2 
786.2 


Average.. 
May 8 


























72.0 


10.5 


72.8 


72.4 


7.64 


550.1 


2.62 


188.3 


738.3 






75.9 
76.1 
76.5 
76.7 
77.0 
77.0 


75.5 
75.7 
76.1 
76.3 
76.6 
76.6 


7.97 
7.99 
8.03 
8.05 
8.09 
8.09 


575.4 
576.9 
579.8 
581.2 
584.1 
584.1 


2.44 
2.86 
2.95 
3.26 
3.22 
8.47 


176.2 
206.5 
213.0 
235.4 
232.5 
250.5 


751.6 
783.4 
792.8 
816.6 
816.6 
834.6 


Average.. 
May 22 


























72.2 


10.5 


76.5 


76.1 


8.04 


580.3 


3.03 


219.0. 


790.3 






66.5 
66.3 
65.7 
66.3 


65.7 
65.5 
64.9 
65.5 


10.17 
10.14 
10.05 
10.14 


720.0 
717.9 
711.5 
717.9 


1.94 
1.99 
2.11 
2.49 


137.4 
140.9 
149.4 
176.3 


867.4 
858.8 
860.9 
804.2 


Average.. 


















70.8 


15.3 


66.2 


65.4 


10.13 


716.8 


2.13 


151.0 


867.8 
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Fia. 1&— ToUl ozygen 
tnd W. K., raterrer 
fonnod in wbIUiib 



ooiuumptian of T. H. H., H. R. R., 
to kilocmnmeton of wcA pcr- 
D dUtaant mdM. (V*1um p«r 



Tio. 10. — Total oivsen oonnimption of B. D. B., nhmd to kll<^ 
srmmniatsra of work pafuiiuod in wmlkiDC OD dUFvant gndM. 
CValuM p«r mlnut*.} 
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grade. It appears from the relative poBitions of the eurves for W. K 
that the total heat produced for a given amount of work is somewhat 
higher when the work is performed at a fast rate of walking with a low 
grade. For instanoe, with 400 kg. m. of work on a 15 p^ cent grade, 
the total h6atK)utput would be 5.62 calories, while with the same 
CbIs.(- 




Fla. 21.— ToUl liMtr«utput o[ W. K., wfitmd (o 
srammetfln of work pertonned in mUdng oi 
ferent Bntdes. (V>lu«a per micuto.) 



Fio. 22. — Total heat^utput of E. D. B., nf«Red to kilo- 
craniBiatcts of work perf onned in walking on dil- 
fareat indM. (Value* pw mianto.) 
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Tablb G3. — Total hMi-ifuipui of W. K,, with inereanng amounta of work, in 
ffrade-^Dolking expermerUa without food. (Valuea per mini«(e.)^ 







Increase over stand- 


Percentage inoreaae 






ing requirement. 


over standing 


Kg. m. 

of work 

done. 


Heat- 
output. 


(1.10 oak.) 


requirement. 














Total 


Per 100 
kg. m. 


Total. 


Per 100 
kg. m. 




caU. 


eala. 


eal9. 


p. ct. 


p.et. 


100 


3.35 


2.25 


2.25 


205 


205 


200 


4.10 


3.00 


1.50 


" 273 


137 


300 


4.95 


3.85 


1.28 


350 


116 


400 


5.80 


4.70 


1.18 


427 


107 


500 


6.90 


5.80 


1.16 


527 


105 


000 


7.90 


6.80 


1.13 


618 


103 


700 


9.00 


7.90 


1.13 


718 


103 


800 


10.00 


8.90 


1.11 


809 


101 


900 


11.00 


9.90 


1.10 


900 


100 



^Estimated from curve in figure 23. 

Tabub 64. — Total heatHnitjnU of B, />. B., wUh incrtanng amounU of work, in 
grade-walking expaiments without food, (Valuea per minute.)^ 







Increase over stand- 


Percentage increase 






ing requirement. 


over standing 


Kg. m. 

of work 

done. 


Heat- 
output. 


(1.16 cals.) 


requirement. 














Total 


Per 100 
kg. m. 


Total. 


Per 100 
kg. m. 




eats. 


eaU, 


eoft. 


p. ct. 


p.et. 


100 


2.85 


1.69 


1.69 


146 


146 


200 


3.70 


2.54 


1.27 


219 


110 


300 


4.60 


8.44 


1.15 


297 


99 


400 


5.50 


4.34 


1.09 


374 


94 


500 


6.35 


5.19 


1.04 


447 


89 


600 


7.25 


6.09 


1.02 


525 


88 


700 


8.10 


6.94 


.99 


598 


85 


800 


8.95 


7.79 


.97 


672 


84 


900 


9.80 


8.64 


.96 


745 


83 


1,000 


10.70 


9.54 


.95 


822 


82 


1,100 


11.60 


10.44 


.95 


900 


82 


1,200 


12.45 


11.29 


.94 


973 


81 


1,300 


13.30 


12.14 


.93 


1,047 


80 


1,400 


14.20 


13.04 


.93 


1,124 


80 


1,500 


15.05 


13.89 


.93 


1,197 


80 


1,600 


15.90 


14.74 


.92 


1,271 


79 



^Estimated from curve in figure 24. 

Ingbsmbnt in Hbat-Outfut Dub to Gbads-Lift. 
total ingbsmbnt in hbat dub to qbadb-liit. 

That portion of the total heat expended during grade walking that 
is due to the g/rade per ae is the total heat-output less the energy re- 
quirements for standing and horizontal walking. This difference is 
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kfljiifc 36s 500 TOO 900 

Fio. 2S. — Dallr InorcimaiiU in hattt-produotion orai 
■tonding ivquiranent vid hoiiionUl oomponsnt, 



Fin. 26. — DbUjt iiiBremeiita in hMt-produotlon over itaodiiis 
requirement ftnd horisontal oompoDent, referred to kllo- 
xniniiiateTS of work done in walkiox ezpoimenti od dlf- 
farmt BTkdea with E. D. B. (ValuM pel minuU.) 
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reended in M^umn o of tables-^ to 55. The staoding requiremmts in 
tables 3 to 7 and the incr^iients due to mlkmg on a levd gtvai in 
taUes 29 to 33 are used for (Staining the total reftinrements for tiiese 
two Actors. The values used far deductim wae ^ther detennined en 
the same day or lepnaetA an average value, the adectuxis being noted 
in the footnotes to tables 52 to 55. These hicrementB in the heat-output 
which are due specifically to the grade have been plotted for W- K. 
and E. D. B. for each grade <m the bams of kilogrammeters oS wodk. 
(See figs. 25 and 26.) It is seen in these figures that the heat increment 
is a linear functitm d the weak. dauB, as was the total beat (see figs. 21 
and 22), but in these curves, with the basal and hniKXital require- 
ments eliminated, the amounts of heat pnxluoed for the same amounts 
<tf work witii different grades more nearly emndde and the curves as a 
whtAe make a mcne nearly xmif orm and continuous groiqNng, thus indi- 
cating that the heat increment is {HacticaQy independent of whether 
the ff.vea amount of wcn-k is produced by altering the rate of walking 
fir the grade. 



Fia. 27. — Avenge ineremeota in hat-production due to mid*- 
lift in walldnB sxpnimenta wiUi E. D. B. (\'kluca per min- 
ute (rom table M.) 

To show the relation between the increment in the heat-output and 
the grade and speed used in walking, the data for E. D. B. in table 56 
have been plotted for the various speeds and grades and the curves 
given in figure 27. It will be seen from these curves that a change in 
speed from 35-40 meters to 75-80 meters per minute (or approximately 
1 .5 to 3 miles per hour) on a 20 per cent grade increased the heat-output 
due to the grade walking approximately 4.5 calories, while a cb^ige 
from a 5 per cent grade to a 20 per cent grade increased this factor 
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CoMPABiaoN OF Stbp-Lift in Hobisontal and Gbadx Walkinq. 

Although the data for the step-lift as measured may be foimd scat- 
tered throughout the tables, it seems desirable to make a direct com- 
parison of the step-lift in horizontal walking with the step-lift in grade 
walking as measured by the apparatus pictured in figure 1. Such 
comparison should, however, be subject to the criticism and at least 
theoretical corrections brouf^t out in the discussion of the technique 
on page 31. Usiog the data for our most frequently employed sub- 
ject, E. D. B., we have collected in table 67 a series of values comparing 
the step-lift of this subject during horizontal and grade walking at an 

Tablb 67.— ComparMon of »tep4ifl of E, D. B, in horiMonUd and grade toaiking 
at an approxifnaU speed of Ifi meters. (Valuee per minute.) 



Dftteand 


Grade. 


Distance 


No. of 


Length 


Step- 


Step-Uft 


oonditioiii. 


walked. 


steps. 


of step. 


lift. 


per step. 


1916. 














Horisontai waUdag: 


p. et. 


meters. 




cm. 


meters. 


Clfl. 


Oct. 30 




43.9 
44.3 
43.2 
44.6 
46.2 
46.9 
47.8 
46.7 
47.4 
46.7 
46.0 
46.8 


80.3 
79.7 
79.9 
86.3 
81.9 
80.8 
84.7 
79.0 
80.7 
79.0 
78.6 
77.1 


64.7 
66.6 
64.1 
62.2 
66.4 
66.8 
66.4 
67.8 
68.7 
69.1 
67.3 
69.4 


0.66 
.72 
.70 
.76 
.81 
.76 

1.00 
.78 
.79 
.93 
.68 
.67 


0.82 
.90 
.88 
.89 
.99 
.93 

1.18 
.99 
.98 

1.18 
.87 
.87 


Nov. 1 




2 




3 




6 




6 




10 




17 




22 




Deo. 4 




6 




7 




Grade waUdag: 




Nov. 4 


6.0 


48.2 


79.9 


60.3 


0.99 


1.24 


6 


6.0 


48.2 


79.6 


60.6 


1.00 


1.26 


17 


10.3 


48.0 


81.1 


69.2 


1.86 


2.29 


Deo. 7 


16.0 


46.4 


81.3 


67.1 


2.42 


2.98 


1916. 














Feb. 2 


26.0 


46.6 


86.9 


64.1 


4.31 


6.02 


8 


30.0 


46.0 


88.8 


61.8 


4.60 


6.18 


18 


40.0 


49.6 


89.9 


65.1 


6.64 


6.27 



average speed of 45 meters. The dififereiit grades used in the grade- 
walking experiments are also indicated. The first half of the table 
consists simply of a repetition of horizontal walking on different days, 
and consequently shows no great variation. As a matter of fact, the 
total step-lift ranged from 0.66 to 1.00 meter per minute on the days 
selected for comparison, and the step-lift per step from 0.82 to 1.18 cm. 
Since all of the horizontal-walking data are not here included, it seems 
imnecessary to assume an average, and it will not be used in the sub- 
sequent discussion. 

The values for the grade walking are given in the lower part of the 
table. It wUl be noted that the distance walked per minute was 
slightly higher in most instances than in the horizontal walking. Not- 
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computation employed. It may be said that these net efficiencies are, 
as a rule, lower than for walking and are nearer 27 to 28 per cent than 
they are to 33 per cent. The first studies made with the bicycle 
ergometer were carried out by Atwater and Benedict* and showed net 
efficiencies of 19.6 per cent as an average of 14 experiments. Later 
experiments reported by Benedict and Carpenter* showed efficiencies 
of 20 to 23 per cent, and other experiments by Benedict and Cathcarf 
with a professional bicj'clist, M. A. M., gave efficiencies approaching 
33 per cent. 



Table 71. — Efficiency of men in 


treadmill walking vfith different gradee, as 


» 


summarized by Dwrig.^ (Valuee per minute,) 


Grade in 
per cent. 


Grade-lift. 


Heat-output 

per kg. m. of 

grade-lift. 


Efficiency. 


Experimenters. 




kg, m. 


om.'Cal. 


p. et. 




31.0 


602.9 


8.68 


26.9 


' 




459.6 


8.90 


26.3 






594.4 


9.11 


25.7 






691.6 


8.89 


26.3 




31.0 


(620.0) 
774.3 


(6.98) 
8.58 


33.5 
27.3 


Schumburg and Zunti. 




784.3 


8.14 


28.7 






810.5 


8.50 


25.7 






757.7 


8.21 


28.5 




22.9 
30.4 


763.1 
555.0 
677.0 


8.11 
6.82 
6.84 




A. and J. Loewy and L. 

Zunts. 


' 34!3 
34.3 


36.2 


812.0 


6.53 


35.8 


23.0 
12.68 




6.430 
6.664 
5.488 


36.4 
35.1 
42.7 


^ Frentsel and Reach. 




' 686!2* 


12.68 


489.6 


5.402 


43.3 




12.68 

26.2 

12.68 


359.8 
795.1 
369.6 


6.064 
7.991 
7.223 


38.6 
29.3 
32.1 


Zunti, Loewy, Mtkller, 
and CasiMuri. 


12.68 


580.5 


7.057 


33.2 




18.24 


570.8 


5.033 


46.5 




21.6 


830.3 


6.73 


34.9 


•Durig.* 


14.7 


695.3 


6.87 


34.1 



^Durig, Denkschr. d. math.-natur. Klasse d. kaiserl. Akad. d. Wissensch., 1909, 86, p. 299. 
Hbid.^ p. 341. An apparent typographical error in the average for the heat-output per Idlo- 
grammeter of grade-lift for 21.6 per cent grade has been corrected here. 

It may be stated, therefore, that the human machine can accomplish 
various forms of muscular work at a net efficiency greater than 25 per 
cent, and that grade walking is the most efficient of the various forms 
of exercise thus far studied, the efficiency for this probably being 33 or 
more per cent. 

^Atwater and Benedict, U. S. Dept. Agr.. Office Exp. Sta. Bull. No. 136, 1903, p. 190. 
'Benedict and Carpenter, U. 8. Dept. Agr., Office Exp. Sta. Bull. 208, 1909. 
^Benedict and Cathoart, Carnegie Inst. Wash. Pub. No. 187, 1913, p. 121. 
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on a level. From table 43, the percentage of the increase in heat due 
to the step-lift in horizontal walking may be computed for E. D. B. 
for the average speeds. These percentages, although made up of 
somewhat widely varying individual values, are as follows: For 45 me- 
ters, 9 per cent; for 55 meters, 11 per cent; for 65 meters, 15 per cent; 
for 72 meters, 16 per cent; and for 77 meters, 18 per cent. The pro- 
portions of the total heat for the horizontal component to be deducted 
from the total heat over standing are, therefore, for a speed of 45 meters, 

Table 72. — Efficiency for work of aaceni of E, D, B.^ (Avenge values per minute,) 





(a) 


(6) 


(c) 


id) 


Heat due to horisontal 


Heat due to 


0) 






v^« 


Work of 


Total 
incre- 


component. 


work of ascent. 


Effieieincsr 












Date. 


Grade. 


Dis- 
tance 
walked. 


total lift 
(work of 
ascent). 


ment 
in heat 
over 
stand- 
ing. 


(e) 
Total. 


(/) 
Propor- 
tion due 
to step- 
lift. 


(0) 

Less amount 

due to 

step-lift. 


ih) 

TotaL 
(d-'O) 


(0 

Per kg.m- 

of work of 

ascent. 


for work 
of aaoent. 

2.84X100 

• 

• 














eXClOO-/) 




(A+c) 


















100 








1915-16. 


p,ci. 


meien. 


kQ, m. 


eaU. 


eaU. 


p. d. 


eaU. 


edU. 


gm.'eala. 


p. d. 


Nov. 4 


5.0 


48.2 


198.1 


2.08 


1.25 




1.14 


0.94 


4.7 


49.8 


6 


5.0 


48.2 


200.7 


1.98 


1.23 




1.12 


.86 


4.3 


54.4 


17 


10.3 


48.0 


398.9 


3.20 


1.27 




1.16 


2.04 


5.1 


45.9 


Deo. 7 


15.0 


46.4 


555.5 


4.09 


1.20 


9 


1.09 


3.00 


5.4 


43.3 


Feb. 2 


25.0 


46.5 


976.4 


7.00 


1.27 




1.16 


5.84 


6.0 


39.0 


8 


30.0 


46.0 


1,104.8 


7.34 


1.22 




1.11 


6.23 


5.6 


41.8 


18 


40.0 


49.5 


1,526.6 


10.44 


1.26 




1.15 


9.29 


6.1 


38.4 


Not. 9 


5.0 


54.8 


243.3 


2.24 


1.35 


' 


1.20 


1.04 


4.3 


54.4 


10 


5.0 


55.4 


244.7 


2.19 


1.40 




1.25 


.94 


3.8 


61.6 


23 


10.0 


57.2 


484.1 


3.76 


1.39 




1.24 


2.52 


5.2 


45.0 


Dec. 8 


15.0 


58.3 


702.2 


5.28 


1.47 




1.31 


3.97 


5.7 


41.1 


17 


20.0 


53.4 


809.2 


5.55 


1.29 


11 


1.15 


4.40 


5.4 


43.3 


Feb. 3 


25.0 


52.6 


1,036.6 


7.63 


1.42 




1.26 


6.37 


6.1 


88.4 


9 


30.0 


53.6 


1,291.4 


8.80 


1.42 




1.26 


7.63 


5.9 


39.7 


16 


35.0 


57.6 


1,568.3 


11.10 


1.49 




1.33 


9.77 


6.2 


87.7 


21 


40.0 


57.1 


1,774.1 


12.50 


1.46 




1.30 


11.20 


6.3 


87.1 


Nov. 11 


5.0 


66.0 


299.6 


2.72 


1.76 


< 


1.50 


1.22 


4.1 


55.8 


26 


10.0 


66.5 


586.8 


4.52 


1.69 




1.44 


3.08 


5.2 


46.0 


Deo. 13 


15.0 


66.8 


798.0 


5.84 


1.61 




1.37 


4.47 


5.6 


41.8 


20 


20.0 


66.4 


1,052.9 


7.14 


1.64 


15 


1.39 


5.75 


5.3 


44.2 


Jan. 6 


25.0 


69.3 


1,326.5 


9.90 


1.78 




1.51 


8.39 


6.3 


37.1 


Feb. 11 


30.0 


69.5 


1,676.6 


11.81 


1.84 




1.56 


10.25 


6.1 


88.4 


22 


40.0 


65.2 


1,996.5 


14.45 


1.66 


4 


1.41 


13.04 


6.5 


36.0 


Nov. 13 


5.0 


74.1 


375.3 


3.16 


1.97 




1.65 


1.51 


4.0 


' 68.6 


Dec. 3 


10.0 


70.5 


650.8 


4.87 


1.85 




1.55 


3.32 


5.1 


46.9 


14 


15.0 


73.4 


909.5 


6.54 


1.92 


16 < 


1.61 


4.93 


5.4 


43.3 


21 


20.0 


70.3 


1,078.8 


7.76 


1.72 


1.44 


6.32 


5.9 


89.7 


Feb. 5 


26.0 


71.0 


1,429.1 


10.24 


1.91 




1.60 


8.64 


6.0 


39.0 


12 


30.0 


71.5 


1,710.6 


11.86 


1.91 




1.60 


10.26 


6.0 


39.0 


Nov. 30 


10.0 


78.5 


704.1 


5.62 


2.15 




1.76 


3.86 


5.5 


42.6 


Dec. 16 


15.0 


81.3 


975.5 


7.29 


2.09 


18 


1.71 


5.58 


5.7 


41.1 


31 


20.0 


80.1 


1,205.4 


9.94 


2.22 


1.82 


8.12 


6.7 


34.9 


Feb. 7 


25.0 


75.9 


1,565.6 


11.42 


2.15 


i 


1.76 


9.66 


6.2 


37.7 



^See table 55 (p. 209) for data in columns o to s. 
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and speed of walkii^, and not according to ^e sequence of the expm- 
ments. As a rule, the changes in the rates ptx^essed gradually and 
uniformly with the increase in the speed and the amoimt of work per- 
formed. The TTiftTimiim rate was found with the m^ximiitn work with 
each subject, although this is not true of the TniTiimiiwi amount of work. 
The difference in the respiration-rates for the different subjects is 
noticeable. At the mediimi speed of 60 to 65 meters per minute with a 
10 per cent grade, T. H. H. had a low rate of 17.9 as compared with 
W. K.'a rate of 26.1; E. D. B. had a rate of 26.7 when walkhig <m a 25 
per cent grade at 70 to 75 meters per minute as compared with W. K.'b 
rate of 40 under similar conditions. 



Pio. 28. — Pnln-ratfl. raiiintJoii-ntfl, wul 
pukiioiiBi7 ventilBtioD of W. K. duiios 
BTsde waUdog, referred to kilopwn- 
mctotaof work. (Valina per minute (ram 
table 60.} 

llie'euryes for the average respiration-rates for W. K and E. D. B. 
in table 56 have been {dotted and presented in figures 28 and 29. The 
curve for E. D. B. shows a uniform rate of increase, but that for W. K. 
indicates a greater rate of increase beyond 300 kg. m. Frcnn theea 
curves an estimate has been made (rf the respiration-ratee per miaute 
for increasing amounts of work. (See second column of tables 74 and 
75.) Frran these values have been calculated the total and percent- 
age increases in the respiration-rate ov^ the standing requirement, 
and also the inctements per 100 kg. m. as the unit of work done. The 
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rat»d increase in the respiration-rate ofW. K. as the work increaBed 
manifeste itself here in an increase over the standii]^ requirement per 
100 kg. m. of work, ^rtiile fot E. D. B. the increase per 100 kg. m. 
diminished as the amount of work became lai^er and reached con- 
stancy at about 800 to 900 kg. m. The percentage increase over the 
standing value for W. K. ranged from 16 to nearly 100 per cent, with 
an increase per 100 kg. m. of 7 to 11 p^ oent. With E. D. B. the 
increase was as high as 40 per cent for the first 100 kg. m., but it fell 
rapidly and above 700 kg. m. the increase per 100 kg. m. was coa.- 
stant at a level of 7 and 8 per cent. 



no. 30. — Pnln-nte, raapiTfttioa-rftl«, tmd pulmooBry vuitllBtioD of B. 
D. B. daring crade walking, rrferrad to kiloini>u'i*t«n of work. 
(V*luw p«r minute (rom table Stt.) 

Tabli 74. — Itapiratum^mt* cf W. K. viA inowuing amotmU <ff work 
gnidt^aaiJcing experimmU inlAouf food. {VolitM per mimUt.)' 







Increueo 


VBTBtMld- 


Percentage inereaae 






iasnU 


(21.1) 


over atanding rate. 


Xg.m. 
olwork. 










gTKle 












wdkiog. 


Toul. 


Per 100 
k«.m. 


Totri. 


Per 100 
kg.™. 


200 


24.fi 


3.4 




10 




300 


2B.3 


4.2 




20 




400 


28.8 


B.7 




27 




600 


28. S 


7.a 




30 




000 


31 .a 


10.2 




48 




700 


34.3 


13.2 




63 




soo 


88.0 


lfl.» 


2!l 


SO 


10 


900 


41.7 


20. « 


2.2 


98 


H 



■Baawl upon figur* 38. 
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Tablb 79. — Pulderate of B. D. B. wUh inereannq amotmU qf vxjrk in (irad§- 
walking expenmmta withmitfood, (Vwuea per minute,)^ 



Kg. m. 
of work. 


Pulse- 
rate. 


Inorease 
over 

standing 
rate 
(78). 


Percentage increase 


Total. 


Per 100 
kg. m. 


100 

200 

300 

400 

600 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,600 

1,600 


86 

96 
103 
111 
119 
126 
133 
140 
147 
163 
169 
166 
171 
177 
184 
189 


7 
17 
26 
33 
41 
48 
66 
62 
69 
76 
81 
87 
93 
99 
106 
111 


p. d. 

9 

22 

32 

42 

63 

62 

70 

80 

88 

96 

104 

112 

119 

127 

136 

142 


p. et. 

9 

11 

11 

11 

11 

10 

10 

10 

10 

10 

9 

9 

9 

9 

9 

9 



^Based upon figure 29. 

the percentage increase over the standing requirement for the oxygen 
consumption with each 100 kg. m. of work, clearly indicated in tables 
58 and 59. 

In figures 30 to 32, a few typical curves are given of the pulse-rates 
of E. D. B. during grade walking with the accompanying changes before 
and after the exercise. The pulse-rates immediately preceding and 
following the beginning and end of the exercise will be considered in 
another section in discussing the transitional periods for changes in 





Fio. 30. — ^Typioal pulse curves of E. D. B., with subject 
standing, walking on a level, and walking on an incline. 
(Values per minu^.) 

2, subject standing; 3*, walking on a level; 3**, walking on 
an incline. Black points, records during experimental 
periods; open circles, records between periods. Curve 
A, Nov. 6; B, Nov. 6, 1916. 
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conditioas (pp. 297 to 305). As in dmilar figuree, tiie number 1 in- 
dicates tiiat the subject was sitting, and 2 that he was standing. The 
time at which the subject b^;an walking is indicated by the figure 3.* 
The points indicated by open circles represent per minute nduee ob- 
tained in the int^ral between the experimental periods. 

Curve A in figure 30 gives a picture of the rate when the subject was 
walking on a level up to lO** 33" a. m., stood imtil 10^ 49" a. m., and 
thereafter walked on a 5 per 
1^ cent grade until 12'' 27" p. m., 

when he again stood for a ahort 
time. The course of the curve 
is but little altered by the 
change to grade walking, and 
there were no sudden or marked 
variations in the rate during the 
forenoon. Curve B in figure 30 
is also for an ^cperiment witha 
5 per cent grade preceded by 
walking on a level, but on th^ 
day the speed was a Uttle 
higher. Curve B has the same 
general appearance as curve A, 
however, except that the rise 
due to the walking is somewhat 
more marked. Both curves in- 
dicate a slight fall at the begin- 
ing of the walking on a level and 
the usual fall in the pulse-rate 
when the grade walking ceased 
at the eaid of the ea7>eriment. 
In curve A the pulse-rate aiter 

PiD. 31.— Typiod polM coma trf B. D. B., it- urollriiiir rwifkCuiH rMU>hMl 

with mihiM rtudinc uHi widkiBc m u ™® wauung ceascQ reacnea 
ioeUiM. (VkiuM per miitiit«.) more nearly the mitial level 

3. (ubjeot Bbuidiiv: 3, waUdnc on an indine. than in CUTVe B, but SB the 

^Stod.r^^"^»''^S>id?*brt!^ observations were continued 

period!. Curve A, Feb. 13; B, Feb, 14, only 7 minuteS ftftCT the Wftlk- 

^ ^ ii^ ceased, no information could 

be gained as to how long a period elapsed before the pulse returned 
to normal. In the curves in figures 31 and 32, showii^ the rate 
after eevere exercise, the pulse wa.^ still above the normal aftOT 5 

>It Bhould be Doted that the arrow iadieatea the Hm* of the ohange and not the pulsa-Tate. For 
Instanoe, in fig. 31. curve A makea direct conaoctioa between the two readings at 9^ 31' and 
0^ *^ a. m.; the walking began at B'' 42^ a. m. It the arrow were taken to iodioate the pnlao- 
rale at this time, the rate would appear to be 142. On the oontrary, it wa* probably more nearlj 
00 to 68, and the cui've (or tbe riaa due to the activity ol waUdng la aotualty mueh Bteaper than 
bare drawn. 
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to 7 minutes, but here again the records wero not continued a sufficient 
length ci time to determine whether the pulse-rate returned to the 
normal value or remained at a higher rate for some hours, as was 
observed by Benedict and Cathcart.' 

Curve A in figure 31 shows a rise from an average rate of 64 to a rate 
of 146 when the subject b^an to walk on a 30 per cent grade. When 
hestopped walking at the end of the first period, there was an immediate 
drop of 53 beats. When the walking began f^ain, the pulse-rate rose 
to 170, with a greater fall at the end of the second period of walking and 
a still greater rise for the third period of walking. Curve B in figure 31 
shows essentially the same characteristics as those oi c\irve A in the 
same figure. 



FM. 82. — TjrpioBt piilu currta of E. D. B., with nibject itandinjt. >i>d walldns on &q tDoIliM. 

(ValiiM per minuteO 
I, rabjeet nttios; 2, (twidine; 3, walkmgot) kh indiDo. Black points, reoorda during nipeiiiiiental 

peiiodi; open circlea, records between perioda. Curve A, Feb. 16; B, Peb. 18; C, Feb. 17; 

D, Fsb. 10; E. Feb. 22; F. Feb. 21. 1916. 

In ^[ure 32 curves A and B represent pulse records obtained when 
the walking was continuous and illustrate the gradual rise in the pulse- 
rate due to the cumulative efi'ect of the exercise. As no records 
of the pulse-rate were made in the intervals between the walking periods 
in the other experiments in figure 32, there is accordingly no picture 
of the fall which took place while the subject was standing in these 
intervals. (See C, D, E, and F.) The curves in other respects are 
similar to those previously discussed, and show increases in the pulse- 

and Cathcatt. Camegie Inrt. Wadi. Pub. No. 187, 1013, p. IM. 
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wiUi the duiige to walkiDg OQ these Ibree days is 11^ 
fcm with that shown in goba e qocnt figares^ the reeords in figure 33 
being choeen for low grades and qpeedflw This increase does not beeame 
spptaeskX for approodmatdy 10 to 15 minutes after the walking began, 
and the rate of increase is relativdy gradoaL In the first two carves^ 
A and B, there is usiiany no notioeaUe fall in t emp et aiur e when, as in 
both experiments, the subject sat down at the dose of the walking 
periods. In the curve for the 10 per cent grade (carve C) , a mor^ rapid 
rise in temperature is evident, with a tendency to a decrease between 
the periods. This is apparent, also, after the second walking period 
with the 5 per cent grade in curve B, when the tenq>erature during 
walking had reached 37.46^ C. The curve for the 10 per cent grade 
(curve C) shows a sudden fall in temperature fcdlowing the change to 
walking before the heat due to the CKerdse beccMnes noticeable. This 
was possibly owing to change in resstance of the leads when the sub- 
ject removed the blanket (see p. 37), or possibly to some diange in the 
position of the thermometer itsdf . 

In figure 34 are three different types erf curves (February 2 and 25 and 
March 8). Here the grades were 25 and 30 per cent, with speeds from 
46 to 60 meters per minute. The curves all show an immediate rise in 
temperature as soon as walking began, the respcmse being within 
2 or 3 minutes. This is in contrast to the curves in figure 33. The 
rise in temperature in curve B was 1.23^ C. during 28 minutes of walk- 
ing, with a maximum of 38.30^ C. With the same grade, but a speed 
of 51 meters, the increase in three periods of walking was 1.45^, 1.49^, 
and 1.52^ C, req)ectively. (See carve C.) As soon as the walking 
stopped and the subject sat down, the temperature fdl as rapidly as it 
rose and in approximately 40 minutes had reached the original level. 
The effect of diff er^ice in position may be seen by the fact that the fall 
at the end of the periods was greater and more rapid in curve C, when 
the subject sat down with the cessation of walking, tiian in curve B, 
when the subject stood in the intervals between the walking periods. 
In the last p^iod in curve B the walking was stopped, alihou^ the 
measiuement of the metabolism was continued somewhat longer. 
While the rise in temperature ceased and the records almost imme- 
diately showed a levd when the walking stopped, the fall in temperature 
in this case did not occur until the close of the period. Curve A in 
this figure shows a record for an experiment in which but three observa- 
tions were taken diuing each period. In this experiment the subject 
sat down after each period and the temperature did not rise so high nor 
fall so abruptly as in curve C,in which the grade and speed were greater 
and the walking was continued through two periods and the corre- 
sponding interval before the subject sat down. 

In figure 35 are four curves (February 29, 22, 17, and 18) of the tem- 
perature changes when E. D. B. was walking with a speed of 68 to 50 



PHT^OLOOICAL EFFECTS OF GRADE WALKING. 271 

meters per minute (2.5 to 2 miles an hour) on a 30 to 40 pw cent grade, 
and performing approximately 1,200 to 1,600 kg. m. of work. With 
a grade of 30 per cent and a speed of 68 meters per minute, the body- 
temperature increased regularly during the 32 minutes of continuous 
walking, reaching a maximimi of 38.23° C, with a total rise of 1.63** C. 
(See curve A.) The fall in temperature when the subject stopped 



Aa. 34. — TypiMl bcxly-tanpontura ourrea o( E. D. B., with mbjaot itapdipg. uid waUdus on an 

InoUne. (Valuea per minute.) 
I, fubjeot dttins; 2, itandlns; 3, walUag on aa indine. Black pointa, reoords during azperi- 

BMital puiodi; <a>en mroles, raoordB betwoen parjod*. Curve A, Feb. 3; B, Feb. 2S; C, 

Mar. 8. 191S. 

waUdi^ and stood, at 10'' 5^ a. m., was not so rapid aa that shown by 
the curve D when a higher body-temperature was reached, or when 
tiie subject sat after walking, as shown by c\irve C in figure 34. A 
more rapid fall b^an at 11'' 40" a. m., when the subject sat down, 
which again was retarded duiii^ the standing period of 20 minutes 
about 12 o'clock. At 1 p. m., after 2 hours and 5 minutes of inter- 
mittent standing and sitting, the temperatiire had not reached the 
initial level. 



UBTABOUaM DCBINa WALKING. 



Curve C pves the body-tempcxature f ot the eqMriment <A Fd[»uaiy 
17, when there was an initial period of standing f<dlowed by several 
periods wheo the subject walked on a 35 per cent grade at a speed of 
62 meters per minute. The subject stood after eadi walking period. 
In the first 19 minutes of walking the tenq>eratuie rose 0.82** C, L e., 
at the rate of 0.04^ C. per minute. The total effect of the eorardse was 
an increase id the body-tesiqierature of ^^Htnimatdy 1.7** d with a 
maximum body-teti^>erature <A 38.80° C. 
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are those due to natural radiation and convection as affected by the 
very light-weight clothing which the subject wore at the time. 

Although the temperatures obtained in this study do not show equal 
increases for similar amounts of work on different days, yet a hi^er 
temperature and a greater increase over the normal temperatures dur- 
ing standing were usually observed when the work and the metabolism 
were greatest. As was foimd with the pulse-rate, there is evidently 
a general relation between the amount of work and body-temperature. 

Blood-Pbessubb DuROfG Gbadb Waldno. 

The few readings of the blood-pressure of E. D. B. were made when 
but small amoimts of work were done. Consequently the effect of 
work on the blood-pressure was not large. As previously stated, these 
readings were of the systolic pressure only, and were made with the 
subject standing after a preliminary walking period and again just 
aft^ the experimental period closed. The results of these measure- 
m^its, which comprise those for 7 days with grade walking, are given 
in table 16a, page 88. 

Table 80. — Blood-pressure of E. D. B. during grade walking in experimenis vnUunU food, 

(Values per minute.) 



Date. 


Blood-prefl8ure dunng — 


Increase in 
blood-pressure 
due to walking. 


Amount of 
work done 
in walking. 


Standing. 


Walking. 


1916. 

Mar. 23 

24 

Apr. 6 

7 

8 

14 

15 


fntn, 
114 
120 
116 
119 
125 
116 
118 


mm, 
118 
127 
126 
130 
139 
128 
128 


mtttm 

4 

7 
10 
11 
14 
12 
10 


kg, m, 
380 
310 
284 
281 
223 
126 
59 



Excepting for the first period of April 6, the records show close agree- 
ment for the periods of the same day, with a slight tendency to increase 
during the forenoon. The blood-pressure increased over the standing 
values in all instances, as may be seen from table 80, in which both 
these values and the kilogrammeters of work done are given. The 
range of increase was from 4 to 14 mm., with an average value of 10 
mm. The blood-pressure for the walking period of March 23 is proba- 
bly too low, as there was a lapse of 2 minutes after the walking ceased 
before the pressure was read. 

There appears to be no indication in these figures of direct connection 
between the amoimt of work performed and the blood-pressure, but 
up to a certain point it appears that the increase in the blood-pres- 
sure found during grade walking over the values obtained with the 
subject standing is inversely proportional to the amoimt of work 
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TikBLsSl. — RufriraHoriHraU and pulmonary ventUation of B. D, B, in periodt of trantUian from standing 

to grade walking, (Values per minuie.) — Continued. 



Date, condition, and period of 
measurement. 


Period I. 


Period II. 


Period III. 


Period IV. 


Respi- 
ration- 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


Respi- 
ration- 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced.) 


Respi- 
ration - 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


Respi- 
ration- 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


March I4, lOie—eoni'd. 
Walking, 30 p. ot. ; av. 59.9 meters — oon. 
Following 1/4 min. : 

1ft 


29.4 
25.4 
26.4 
22.6 


liten. 
49.9 
53.3 
55.4 
51.2 


27.6 
28.5 
26.1 
28.6 


lUers. 
45.9 
48.9 
51.9 
57.2 


25.8 
26.7 
27.2 
27.6 


liten, 
51.2 
52.7 
57.0 
60.3 


30.2 
27.3 
29.2 
29.2 


Utere. 
49.4 
53.1 
61.2 
64.0 


2d 


3d 


4th 


5th 


28.7 
27.5 
31.4 
27.1 


58.7 
56.2 
64.6 
58.2 


30.2 
32.3 
24.8 
26.4 


57.6 
59.0 
53.3 
57.5 


27.0 
27.6 
24.4 
27.6 


64.1 
64.3 
60.4 
64.7 


27.1 
25.7 
28.0 
27.1 


63.3 
59.2 
61.5 
63.2 


6th 


7th 


8th 


9th 


29.0 
25.4 
26.3 
29.4 


59.7 
53.3 
60.3 
60.6 


26.9 
29.7 
29.7 
26.7 


56.0 
61.0 
63.2 
53.8 


31.0 
33.8 
29.7 
29.2 


67.9 
67.0 
64.6 
68.3 


28.9 
29.2 
26.6 
25.5 


64.4 
66.5 
64.4 
64.6 


10th 


11th 


12th 


13th 


29.4 
28.1 


59.2 
58.5 


30.5 
29.6 
27.5 


60.0 
62.2 
62.4 


26.5 
29.2 
28.2 
26.5 


61.1 
68.8 
64.9 
66.1 


29.3 
28.7 
29.4 
29.3 


69.1 
66.8 
65.6 
68.5 


14th 


15th 


16th 






March 16, 1916. 
Standing, measured in minutes 

Walking, 30 p. ot.; av., 69.6 meters: 
Measured in 1/5 min.: 










16.3 
16.8 
15.5 
15.3 


11.0 

11.2 

10.1 

9.7 


15.0 
16.7 
16.7 
16.7 


10.2 
11.0 
11.3 
11.3 


16.3 
16.9 
16.4 
16.4 


11.7 

11.9 

9.9 

11.5 


16.5 
17.6 
17.4 
16.5 
17.1 

20.9 
19.6 
22.8 
23.5 
29.0 


10.7 
12.8 
11.8 
10.5 
13.0 

"io'.6 

40.1 
37.1 
50.0 


34.0 
26.3 
28.4 
24.5 
26.6 


32.9 
33.5 
31.4 
41.9 
46.8 


22.3 
21.8 
24.5 
24.7 
25.5 


24.4 
35.2 

aa.o 

33.7 
44.9 


24.1 
31.9 
24.1 
26.4 
27.5 


20.9 
29.5 
39.5 
37.4 
48.3 


2d 


3d 


4th 


5th 


Following 1/4 min. : 

Ist 


28.6 
26.0 
29.9 
27.4 


53.1 
57.8 
64.4 
61.7 


28.8 
29.6 
30.4 
26.2 


52.6 
59.0 
61.9 
61.8 


25.8 
28.6 
30.2 
27.6 


61.3 
60.1 
66.7 
65.9 


28.7 
25.3 
26.7 
28.9 


53.9 
59.7 
66.7 
72.7 


2d 


3d 


4th 


5th 


29.6 
30.1 
31.0 
29.3 


70.0 
76.3 
76.2 
71.9 


25.5 
24.8 
26.5 
29.6 


67.1 
67.4 
66.1 
75.1 


28.4 
28.4 
28.4 
29.1 


71.3 
72.2 
70.1 
76.9 


28.3 
28.7 
28.3 
30.4 


75.9 
74.6 
72.0 
77.3 


6th 


7th 


8th 


9th 


28.3 
26.0 
29.0 
29.0 


G9.4 
72.2 
75.9 
70.3 


28.2 
26.3 
26.2 
23.5 


76.7 
68.1 
66.9 
64.4 


31.2 
30.5 
29.4 
26.7 


80.4 
80.2 
72.9 
66.6 


25.3 
28.0 
28.6 
28.3 


75.9 
78.7 
73.9 
75.8 


10th 


11th 


12th 


13th 


31.0 


73.3 


28.9 
30.6 


75.3 
75.0 


24.0 
24.0 


62.9 
67.7 


26.6 
30.3 


74.8 
79.4 


14th 
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Tablb si.— RespiroHan^raU and pulmonary ventilation of B, D. B, in periods of traneitionfrom ekmding 

to grade walking. (Values per minute.)— Continued. 



Date, oondition, and period of 
measurement. 



March 17, 1916. 
Standing, measured in minutee, 



Walking, 30 p. ot.; av., 62.9 meters: 
Measured in 1/5 min.: 

1st 

2d 

8d 

4th 

5th 



Following 1/4 min.: 

1st 

3d 

8d 

4th 



6th 
6th, 
7th 
8th. 

9th. 
10th. 
11th. 
12th. 

13th. 
14th. 
16th. 
16th. 

17th. 
18th. 



Period L 



Respi- 
ration- 
rate. 



14.9 

14.7. 

14.1 

13.6 

16.3 



23.8 
26.6 
21.2 
20.2 
23.0 



*24.9 
26.6 
26.6 
24.6 



26.8 
23.2 
26.8 
27.1 



Mareh 16, 1916. 
Standing, measured in minutes: 



Walking, 40 p. ct.; ay., 66.1 meters: 
Measured in 1/6 min.: 

1st 

2d 

3d 

4th 

6th 



26.9 
28.0 
28.9 
24.9 



Pul- 
monary 
venti- 
lation 
(unre- 
duoed). 



26.4 
28.0 
26.4 
26.6 



24.7 



16.0 
16.1 
16.1 
16.3 
18.0 



27.2 
24.7 
28.7 
26.3 
26.3 



lUers. 
9.7 
9.9 

10.0 
8.8 

11.2 



29.4 
24.7 
29.7 
36.4 



43.6 
47.0 
49.3 
48.2 



62.6 
61.4 
60.7 
60.8 



63.3 
63.4 
66.6 
62.9 



63.1 
69.0 
63.9 
64.1 



63.1 



10.2 
8.3 
7.3 
7.6 

12.4 



26.1 
31.7 
33.9 
43.3 
60.3 



Period n. 



Respi- 
ration- 
rate. 



16.0 
16.0 
16.6 
16.5 
16.1 



24.0 
24.3 
24.3 
26.2 
26.2 



26.8 
26.6 
26.6 
26.4 



26.1 
26.6 
24.9 
26.2 



26.7 
27.2 
26.6 
27.2 



Pul- 
monary 
venti- 
lation 
(unre- 
duced). 



liters. 
10.3 
10.6 
10.5 
10.5 
10.6 



20.7 
26.9 
29.6 
31.4 
36.2 



41.4 
40.8 
42.2 
46.4 



46.2 
47.6 
62.8 
49.3 



27.6 
31.0 
24.9 
26.6 



26.6 
27.2 



16.3 
16.7 
14.0 
16.4 
16.3 



26.7 
28.2 
20.8 
20.0 
19.2 



47.2 
60.7 
48.0 
61.0 



Period nL 



Respi- 
ration- 
rate. 



16.3 
17.4 
16.6 
17.0 
16.7 



24.0 
24.0 
24.0 
26.4 
24.4 



26.2 
26.2 
26.1 
24.7 



24.0 
26.6 
27.1 
26.7 



26.7 
24.0 
28.7 
26.4 



64.8 
60.8 
60.6 
62.1 



61.9 
64.2 



10.2 
8.1 
6.7 
7.4 
9.8 



26.0 
27.8 
33.9 
39.1 
40.4 



26.4 
26.0 
26.2 
28.0 



28.0 
28.0 



17.0 
16.3 
13.4 
17.8 
18.3 



21.7 
20.9 
24.3 
24.8 
23.4 



Pul- 
monary 
venti- 
lation 
(unre- 
duoed). 



titers. 
11.0 
11.8 
11.1 
10.3 
13.4 



22.0 
29.6 
29.6 
34.6 
34.6 



40.2 
44.1 
44.1 
43.0 



47.6 
66.6 
66.4 
63.4 



62.6 
61.6 
67.3 
66.7 



66.9 
61.8 
63.1 
66.6 



66.9 
68.6 



9.3 
7.9 
6.3 
7.6 
11.2 



29.1 
32.0 
30.9 
36.8 
37.8 



IV. 



ration- 
rate. 



17.7 
17.7 
17.7 
16.4 
16.9 



21.7 
26.6 
26.4 
26.6 
27.0 



29.3 
27.1 
26.6 
26.7 



26.3 
26.4 
27.8 
27.8 



26.6 
27.1 
29.1 
26.3 



28.2 
28.1 
26.2 
26.4 



27.8 
24.6 



16.3 
16.9 
16.6 
18.6 



24.8 
24.0 
26.7 
27.9 
23.1 



Pul- 
monary 
venti- 
lation 
(unre- 
duoed). 



Kter§. 
11.2 
11.0 
11.2 
10.0 
10.8 



18.9 
27.7 
26.8 
86.8 
9 



44.7 
46.0 
46.4 
47.9 



61.6 
68.1 
66.6 
68.0 



60.6 
66.0 
67.8 
66.0 



66.2 
66.0 
62.7 
68.4 



66.3 
65.9 



7.8 
8.8 
7.0 
7.7 



82.2 
43.3 
46.2 
43.6 
40.2 
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Tabu 81.—. 



and pulmonary venUUaion of E, D. B. in paiodi cf trantUion from ttanding 
to grade UHiiieing. (Value9 per minute.)— Continued. 



Dmte, condition, and period of 

SBAttSQKOQMnta 


Period L 


Period IT. 


Period lU. 


Period IV. 


Respi- 
ration- 
rate. 


Pul- 
moDary 
venti- 
lation 
(unre- 
duced). 


Respi- 
ration- 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


Respi- 
ration- 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


Respi- 
ration- 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


Mardi 16, 1010— cont'd. 
Walking, 40 p. ct. ; av. 66. 1 meters — con. 
FoDowing 1 /4 min. : 

1ft 


26.6 
28.0 
24.6 
27.1 


Jitort. 
58.3 
67.4 
66.6 
77.6 


21.6 
24.4 
29.6 
29.4 


Kfsrt. 
61.0 
61.3 
79.1 
78.0 


26.3 
29.3 
26.6 
27.3 


liUn. 
61.0 
70.8 
71.3 
79.6 


23.4 
24.7 
31.4 
29.9 


69.8 
69.9 
87.5 
88.6 


2d 


3d 


4th 


6tli 


27.6 
27.6 
28.9 
80.4 


76.8 
84.1 
86.3 
88.4 


27.6 
31.0 
31.0 
31.0 


80.0 
90.1 
93.9 
94.5 


31.2 
34.0 
32.9 
36.0 


88.0 

98.9 

98.8 

109.9 


34.1 
31.4 
34.1 
34.1 


99.7 
96.6 
98.4 
98.4 


6tli 


7th 


8th 


9th 


30.0 
31.8 
28.6 

• 


88.2 
97.1 
91.1 


29.9 
31.0 
29.9 


96.3 
97.2 
93.7 


32.4 
31.6 
34.7 

16.7 

26.9 
20.8 
26.9 
25.4 
27.7 


97.0 

96.6 

103.4 

12.2 

24.7 
21.2 
26.1 
29.3 
36.1 


36.0 
37.1 
36.6 


106.8 
110.0 
106.4 


10th 


11th 


Fdmutry 94, 1916. 
Standiu. aT. of 8 ininuteo. 


Walking, 46 p. ot.; av., 44.8 meters: 
Measured in 1/6 min.: 

1st 














ad 














8d 














4th 














6th 














6th 






















29.3 
29.3 
26.4 
28.9 
31.2 


37.0 
44.8 
44.7 
50.1 
56.5 






7th 














8th 














9th 














10th 














11th 






















27.9 
24.1 
28.1 
30.0 
29.0 


60.3 
51.4 
51.9 
58.2 
61.5 






12th 














13th 






.*...•• 








14th 














16th 














16th 






















26.3 
35.0 
39.2 
33.7 
31.3 


49.5 
73.2 
92.6 
89.4 
81.9 






17th 














18th 








..... 






19th 














20th 














21st 






















31.3 
33.7 
30.0 

32.0 
34.0 
34.0 
36.5 


85.8 
92.9 
87.1 

90.5 

96.6 

95.1 

101.6 






22d 














23d .* 














FoUowing minutes :. 

Ist 














2d 














3d 














4th 
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The data for the pulmoiiary ventilatioii (uneoneeted for tempem- 
ture changes) are also included in table 81, and are measured from the 
kymograi^i curves in the same time-lengths as the respiration-rate, 
L e., full minutes for the standing positicm and 12 seconds and 15 sec- 
onds for the walking. When the subject changed bom standing to 
walking, the measured values indicate that the ventilation douUed 
within the first 12 seconds and continued to increase throu^out the 
first and into the second minute. By the close of the second minute 
this increase ai>peared to diminish in several of the periods, but, as a 
rule, it continued into the third minute. Beyond the third minute, 
though increases occasionally ^pear in the values, they were not per- 
sistent, and are without uniformity in direction. The values in the 
fifth minute are sddom larger or even as large as those found in some 
of the earlier minutes. While the figures show wide variations, ihe 
general picture which they convey is that the immediate effect of the 
work upon the ventilation was compensated for by the end of the 
third, or posobly the banning of the fourth minute, and probably the 
ventUation reached iq>proximate constancy by the time the subject 
had maintained a imif orm rate of walking for 4 minutes. The ventila- 
tion diuing the periods on March 9 had a decided rhythmic effect 
which makes it uncertain whether or not on Uus day the effect of the 
work on the ventilation was offset by the third minute. This rhythm, 
however, is not apparent on any of the other days. 

CEAIIGK8 Ur BATB OF OXTGEM OONSITlfPnOIf (UlfREDUCBD). 

The changes in the rate of the oxygen consumption (unreduced) as 
the subject passed from standing to walking are shown in table 82. 
These include data for both standing and walking on March 9, 14, 
15, 16, and 17, 1916. A few values obtained on February 24 are also 
given. 

Taiilk H2. — Bale cf oxygen eoneumpUon cf E, D. B. in perioda of braneiHon from eianding to 

grade walking. 



lynUi, etmdiiJUm^ and period of measurement. 



March P. 1916. 
HiAfidiric, roeaflured in minutes. 



Wallffnic; W) p. ct.; av., 40 meters: 
M«aMjr«9d in H min* '• 

2d 



9d. 
4ib 



Oxygen consumption (unreduced) per minute. 



Period I. 



c. c. 
260 
200 
301 



1,627 
1,670 



Period II. 



c. c. 
260 
280 
200 



1,484 

1,668 
1,667 



Period lU. 



c. c. 
200 
301 
301 



1,308 

1,387 
2,008 



Period IV. 



c c 



301 
301 



1,627 

1,527 
1,065 
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BfETABOLISM DUTONG WALKING. 



Tablb 82. — Rate of oxygen coneumplion of E, D. B. in 'periods of iransUionfrom Handing to 

grade looZA^tn^— Continued. 



Date, condition, and period of measurement. 


Oxygen consumption (unreduced) per minute. 


Period I. 


Period II. 


Period III. 


Period IV. 


March I4, 1916— aonVd. 
Walking, 30 p. ct.; av. 60 meters — cont'd. 
Measured in J^ min. — cont'd. 

7th 


cc 
2,724 
2,604 


c,e, 
2,473 
2,460 


cc 
2,408 
2,408 


cc 
2,404 
2,551 


8th 


0th 


2,666 


2,404 
2,437 


2,484 
2,365 


2,705 
2,003 


10th 


March 15,1916, 
Standing, measured in minutes. 




312 
301 
323 

1,548 


200 
280 
258 
312 


312 
280 
258 
258 

1,505 




Walking, 30 p. ot; av., 70 meters: 
Measured in l^ min. : 

2d 


323 
323 
258 

1,871 


3d 




2,043 
2,614 


2,120 
2,150 


2,064 
2,404 


1,014 
2,387 


4th 


5th 


2,688 
2,774 


2,772 
2,080 


2,855 
2,881 


2,740 
2,752 


6th 


7th 




3,141 
2,080 


2,820 
2,817 


3,023 
3,118 


8th 


3,075 


0th 


3,035 


2,838 


2,881 


3,144 


March 16, 1916. 

fltanriinir. mMLmireH in minUtOS 




333 


355 
355 
344 


312 
200 
366 
258 


Walking, 40 p. ot.; av., 66 meters: 
Measured in j^ niin. : 

l8t 




258 
323 


280 
321 


1,363 
1,656 


2d 


1,607 


1,057 


1,037 


3d 


2,150 
2,634 


2,270 
3,047 


2,043 
2,004 


2,550 
3,305 


4th 


5th 


3,268 
3,326 


3,161 
3,203 


3,608 
3,333 


3,440 
3,505 


6th 


7th 


3,354 


3,311 


3,410 
3,611 


3,483 


8th 


Fdtruarv 24, 1916, 
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556 
560 
640 
874 
835 




Measured in 1/5 min.: 

Ist 








2d 








3d 








4th 








6th 








6th 












1,207 
1,364 
1,530 




7th 








8th 
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then had a prelimmary walk in order to make the conditions as 
nearly alike as possible. 



CHANGES IN RESPIRATION-RATE. 



The respiration-rates during the walking periods show variations in 
the measurements per minute, but, on the whole, indicate what may be 
accepted as the average for walking in each period. A comparison 
of these rates with those obtained immediately after walking ceased 
shows that the respiration-rate falls during the first 12 seconds of stand- 
ing in aU but three instances, i. e., February 14 and 15, and the second 
period of March 10. The decline is small in some cases, and none of 
the decreases exceed the rate of 6.5 respirations per minute, while the 
rate for the majority is less than 4 respirations per minute. In the suc- 
ceeding fractions of the first minute the records show increases and 
decreases without imiformity, although by the end of the minute the 
rates may possibly be said to be lower on the whole than at the begin- 
ning of the standiing. The notable fact is that the change in respira- 
tion-rate is slight in the transition from walking to standing. Further- 
more, if 16 respirations per minute be taken as the normal respiration- 
rate for E. D. B. in the standing position, we find that in one or two 
instances this value is approached during the second or third minute 
after walking ceased, but the rate is not maintained. In nearly every 
case the rate is above the normal standing value during the fifth min- 
ute, while most of those records which extend into the seventh and 
eighth minutes show that the respiration-rate is still above the normal. 
This course is in contrast to the behavior of the respiration-rate in the 
transition from standing to walking, for the response imder those con- 
ditions was largely within the first 12 seconds and a uniform rate had 
been attained by the end of the first minute of walking. 

Table 83. — Respiration^raU and pulmonary venitkUion of B, D, B. in periodi of trantiHon 

from grade walking to Bianding, (ValueB per minute?) 



Date, condition, and period 
of measurement. 


Respi- 
ration- 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


Date, condition, and pcxriod 
of measurement. 


Respi- 

ration- 

rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


January 1, 1916. 
Walking, 20 p. ot.; 81.6 
meters: 

Meas. in minutes 

Last full minute 


31.0 
30.6 
27.6 

26.5 
21.2 
26.5 
26.5 
21.8 


liters, 
53.0 
51.7 
54.2 

49.3 
38.0 
35.1 
35.4 
25.6 


January /, 1916 — cont'd. 

Standing — cont'd. 

Meas. in 1 /5 min. — cont'd 
6th 


25.0 
24.0 
22.9 
18.5 
22.2 


litere. 
30.4 
24.1 
22.8 
18.3 
19.0 


7th 


Standing: 

Meas. in 1/5 min. : 

iBt 


8th 


9th 


10th 


2d 


11th 


3d 


19.2 
20.0 
21.8 


22.1 
13.3 
12. S 


4th 


12th 


5th 


13th 
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Table 83. — RetpiraUonrrate and pulmonary veniUaHon of B, D. B. in periodt of trantiHon 
from grade toalking to ttanding. (Values per minute,) — Continued. 



Date, oonditioDf and period 
of measurement. 



January 1, 191S — oont'd. 
Standing — oont'd. 
Meaa. in 1 /6min. — oont'd 

14th 

Ifitli 

l«th 

17th 

18th 

19th 

Followinc 1/2 min.: 

lit 

2d 

3d 

4th 

5th 

6th 

January 5, 1916. 
Walking, 25 p. ot.; 42.3 
meters: 

Meas. in minutes 

Last fuU minute 

Standing; 

Meas. in 1/5 min.: 

1st 

2d 

3d 

4th 

5th 

6th 

7th 

8th 

9th 

10th 

11th 

12th 

13th 

14th 

15th 

16th 

17th 

18th 

Following 1/2 min: 

1st 

2d 

3d 

4th 



Re^i- 

ratlon- 

rate. 



22.2 
20.3 



17.0 
14.7 
11.0 
18.2 

10.9 
20.7 



21.7 
19.0 



19.3 
18.0 



24.0 
24.6 
23.2 



22.5 
20.9 
17.1 
20.0 
25.7 



21.8 
19.2 
21.8 
20.0 
20.9 



20.9 
20.0 
19.2 
15.8 
19.4 



19.4 
21.0 
20.2 

21.3 
20.0 



20.4 
18.4 



Pul- 
monary 
venti- 
lation 
(unre- 
dueed). 



Utere. 
12.2 
11.1 



9.9 

10.4 

5.2 

8.9 

10.1 
10.8 



9.7 
10.9 



10.8 
9.6 



30.1 
31.2 
32.6 



30.4 
25.1 
20.2 
21.1 
21.0 



21.8 
16.8 
16.2 
14.2 
15.5 



14.5 
15.0 
13.4 
12.5 
14.0 



12.0 
12.8 
14.1 

13.5 
12.8 



13.5 
12.3 



Date, condition, and period 
of measurement. 



January 5, 19W — cont'd. 
Standing — cont'd. 
Following yi min.— oont'd. 

5th 

6th 

February li, 1916, 
Walking, 30 p. ct.; 74.6 
meters: 

Meas. in min 



Last full minute. . . . 
Standing: 

Meas. in 1/5 min.: 

1st 

2d 

8d 

4th 

5th 

6th 

7th 

8th 

9th 

10th 

11th 

12th 

13th 

14th 

15th 

16th 

17th 

18th 

19th 

20th 

2lBt 

Following 1/2 min.: 

Ist 

2d 

3d 

4th 

5th 

6th 

7th 

8th 



ration 
rate. 



20.0 
19.0 



31.6 
27.6 
29.2 
29.2 
28.7 
28.8 



26.7 
26.7 
28.1 
31.4 
26.7 



Pul- 
monary 
venti- 
lation 
(unro- 
duoed). 



22.3 
26.7 
28.1 
26.2 
23.4 



22.3 
19.3 
20.5 
16.6 
18.6 



19.3 
21.9 
22.1 
21.9 
21.9 



21.1 

24.2 
19.8 



24.4 
21.0 



22.4 
20.7 



20.0 
19.7 



liters. 
12.9 
12.2 



71.8 
67.3 
70.8 
70.4 
71.0 
71.4 



67.9 
65.8 
55.0 
43.6 
37.0 



34.6 
28.5 
29.9 
30.6 
27.2 



23.7 
19.2 
17.3 
11.7 
10.9 



12.7 
15.4 
15.4 
16.3 
15.8 



18.3 

17.5 
17.4 



15.8 
14.2 



16.4 
15.2 



14.1 
15.3 
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Tablb ^S.-^RupiraHan-raU and jndmonary venHlaHon of B. D. B. in perioda of trantUUm 
from grade walHng to standing. (Valuee per minute.) — Continued. 



Date, oondition, and period 
of measurement. 



February I4, 1916. 
Walking. 30 p. ot.; 68.8 
meters; 

Meas. in minutes 



Standing; 

Meas. in 1/5 min.: 

1st 

2d 

8d 

4tli 

5th 

0th 

7th 

8th 

Qth 

10th 

nth 

12th 

lath 

I4th 

I6th 

18th 

I7th 

18th 

19th 

20th 

21st 

22d 

23d 

24th 

Following 1/2 min.: 

1st 

2d 

3d 

4th 

5th 

0th 

February 16, 1910. 
Walking, 35 p. et.; 40.2 
meters: 

Meas. in minutes 

Last full minute 

Standing: 

Meas. in 1/5 min. : 

1st 





Pul- 


Respi- 
ration- 
rate. 


monary 
venti- 
lation 
(unre- 




duced). 




liter: 


20.7 


01.8 


27.5 


03.4 


32.2 


08.3 


25.0 


01.3 


24.1 


02.0 


30.7 


75.2 


20.0 


03.7 


20.0 


50.2 


80.7 


43.7 


31.8 


35.1 


20.0 


37.0 


20.5 


35.0 


20.7 


32.8 


20.5 


20.5 


27.0 


21.5 


21.0 


12.0 


10.7 


12.8 


21.2 


18.0 


23.8 


17.3 


25.0 


12.0 


25.0 


14.1 


24.0 


17.2 


24.0 


15.8 


24.0 


10.3 


22.2 


17.2 


22.3 


10.2 


18.4 


12.7 


21.0 


13.7 


20.3 


11.0 


10.3 


15.3 


10.5 


13.2 


20.7 


13.8 


20.5 


14.1 


20.8 


14.7 


10.0 


13.0 


31.3 


40.0 


20.8 


40.0 


20.2 


47.0 


34.1 


54.2 



Date, condition, and period 
of measurement. 



February 15, lPi5— cont'd. 
Standing — cont'd. 
Meas. in 1 /5 min.— cont'd. 

2d 

3d 

4th 

5th 

0th 

7th 

8th 

0th 

10th 

11th 

12th 

13th 

14th 

15th 

10th 

17th 

18th 

10th 

20th 

21st 

22d 

23d 

24th 

26th 

20th 

27th 

28th 

20th 

Following 1/2 min.: 

Ist 

2d 

3d 

4th 

February 16, 1916. 
Walking, 35 p. ct; 50.0 
meters; 

Meas. in minutes 

Last full minute 

Standing: 

Meas. in 1/5 min.: 

Ist 

2d 

3d 

4th 

5th...: 



Respi- 
ration- 
rate. 



34.1 
20.2 
20.2 
22.0 



20.4 
30.0 
22.0 
22.0 
22.5 



21.0 
17.7 
10.0 
18.0 
15.4 



21.2 
20.5 
28.4 
18.0 
20.7 



20.7 
20.0 
10.0 
10.1 
20.7 



24.0 
22.0 
24.0 
24.0 

20.0 
10.1 



21.0 
20.8 



30.4 
28.2 
28.8 



28.4 
30.7 
27.1 
20.4 
25.4 



Pul- 
monaxy 
venti- 
lation 
(unre- 
duced). 



liters. 
45.5 
41.8 
28.7 
37.1 



81.2 
23.2 
24.8 
22.2 
21.6 



10.1 
11.5 
10.5 
12.3 
8.4 



15.8 
10.0 
14.8 
12.8 
14.1 



12.8 
15.5 
15.4 
10.2 
10.8 



15.8 
13.8 
14.5 
21.2 

15.3 
12.5 



14.0 
14.4 



50.0 
58.4 
50.2 



51.4 
48.0 
43.5 
35.4 
34.0 
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Tablb 83. — Re9piralianrfxUe and pulmonary venHlaHon of B. .D. B. in periodt of tranntUm 
from grade undking to sUmding. (Forties per mtnuto.) — C<miinued. 



Date, condition, and period 
of measurement. ' 


Respi- 
ration- 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


Date, condition, and period 
of measurement. 


Respi- 
ration- 
rate. 


Pul- 
monary 
venti^ 
lation 
(unre- 
duced). 


February 16, 19W — cont'd. 
Standing — cont'd. 
Meas. in 1 /6 min. — cont'd. 
6th 


26.4 
26.4 
27.6 
24.0 
24.0 


Utere. 
30.6 
19.6 
21.3 
24.1 
22.0 


February 17, lPi0— cont'd. 
Standing — cont'd. 

Meas. in 1 /6 min. — cont'd. 
13th 


23.2 
23.2 
23.2 


titers. 
17.8 
17.3 
16.0 


7th 


14th 


8th 


16th 


• 9th 


10th 


10th 


23.3 
21.6 
22.0 
22.0 
19.4 


18.1 
16.9 
16.1 
19.3 
16.7 


11th 


17th 


20.8 
19.2 
18.4 
18.4 
17.7 


21.4 
16.9 
18.9 
17.9 
13.9 


X f Ul ............. 

18th 


12th 


19th 


13th 


20th 


14th 


Following 1/2 min.: 
1st 


16th 


22.1 
21.8 


16.6 
16.6 


16th 


13.3 
16.9 
20.8 
22.7 
20.0 


9.4 
13.4 
14.8 
14.6 
14.0 


ABw ...•■...■••.. 

2d 


17th 


3d 


18th 


19.9 
20.4 


16.0 
13.6 


10th 


4th 


20th 


Following minutes: 

1st 


Following 1/2 min.: 

Ist 


20.0 
20.4 


14.8 
16.1 


21.6 
21.3 


16.3 
14.2 


2d 


2d 


February $5, 1916. 
Walking, 30 p. ct.; 69.6 
meters: 

Last full minute 

Standing: 

Meas. in 1/6 min.: 

lat 


3d 


32.0 

26.6 
22.1 
22.2 
20.9 
17.8 


60.3 

44.0 
33.6 
27.9 
21.4 
19.4 


19.4 
19.6 


14.6 
13.6 


4th 


6th 


20.6 
22.7 


13.2 
16.7 


6th 


February 17, 1916, 
Walking, 36 p. ct.; 62.6 
meters: 

Meas. in minutes 

Last full minute 

Standing: 

Meas. in 1/6 min. : 

1st 


30.0 
27.2 
28.6 
29.3 
29.0 

24.8 
29.7 
30.3 
29.7 
23.6 


60.6 
67.1 
69.8 
71.8 
71.2 

67.0 
62.1 
44.1 
46.4 
42.7 


2d 


3d 


4th 


6th 


6th 


17.1 
21.0 
22.0 
14.7 
13.2 


16.0 
17.8 
13.6 
10.3 
9.9 


7th 


8th 


9th 


10th 


2d 


11th 


3d 


17.2 
20.6 
18.8 
20.2 
13.3 


13.2 
11.9 
14.6 
10.3 
7.1 


4th 


12th 


6th 


13th 


6th 


14th 


28.4 
22.6 
21.7 
19.8 
21.7 


26.3 
27.6 
20.8 
18.4 
19.9 


AVwU ............. 

16th 


7th 


16th 


8th 


14.6 
13.8 

16.9 
19.6 


9.2 
9.2 

9.1 

8.9 


9th 


17th 


10th 


Following 1/2 min.: 

let 


11th 


23.2 
21.1 


19.0 
18.6 


12th 


2d 
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Tablb 83. — Betpimiiait^raU wni pukmonarjf ^eiMatUm €fB.D.B,m perioda qf tannHan 
from grade waOdng to Uandmg. (VahM per mtfinfe.)— Continued. 



Date, condition, and period 
of meMurement. 


Reapi- 

ration- 

rate. 


Pol- 
OKHiary 
▼enti- 
lation 
(unre- 
duced). 


Date, condition, and period 
of meamrcment. 


Reapi- 

ratioD- 

rate. 


Pul- 
monary 
▼entih 
lation 
(unre- 
duced). 


February t6, IP/^— eont'd. 
Standing — cont'd 

FoUowinc 1/2 min. — 
cont'd. 

3d 


18.0 
17.3 


0.4 
0.0 


February 96, 1910— etmV^ 

FoUowinc 1/2 min.— 
cont'd. 

0th 




hlen. 


4tli 


10th 


12.8 


8.4 


6th 


11th 


16.8 
16.4 


8.6 
0.3 


12.0 
14.4 


0.1 
0.0 


Oth 


12th 


7th 


13th 


16.0 
17.3 


8.0 
0.4 


13.6 


0.0 


8th 













Tablb 84. — EetjivrfUiof^faU and pvkntmary ventUaHon of B, D. B. in euoeesHve period$ cf transUianfrom 

grade-ioDalking to iianding (VahieM per mtfttite.) 



Date, eonditioD, and period of 
meaauremeni. 


Period L 


Period n. 


Period UL 


PttiodlV. 


Reqrf- 

ratioop 

rate. 


Pul- 

▼enti- 
lation 
(unre- 
duced). 


Respi. 
ration- 
rate. 


Pul- 
monary 
venti- 
lation 
(unre- 
duced). 


Respi- 
ration- 
rate. 


Pol- 
mooary 
Tenti- 
lation 
(unre- 
duced). 


Respi- 
ration- 
rate. 


Pul. 

▼enti- 
lation 
(unre- 
duoed). 


March 10, 1916. 
WaUdnc, 30 p. et.; av., 63.3 meters: 
Meaeured in minutes. 


26.4 
30.4 
30.8 
30.4 
33.3 

27.1 
26.8 
31.7 
24.8 
22.0 


Wer$. 
66.6 
78.1 
68.6 
71.2 
74.7 

62.2 
44.7 
40.2 
27.4 
23.0 




Uiert. 




Kien. 




Were. 


I^tft full minute 


28.7 
30.3 
28.0 
30.6 

32.1 
30.8 
20.6 
28.7 
28.7 


60.7 
76.0 
61.7 
72.4 

74.2 
64.0 
61.7 
46.3 
36.0 


30.0 
20.7 
32.3 
32.3 

28.6 
24.1 
22.4 
23.2 
31.2 


61.7 
76.6 
76.6 
76.1 

64.8 
30.1 
28.6 
22.6 
27.7 


30.8 
30.2 
33.3 
32.4 

28.1 
24.6 
23.6 
24.6 
22.7 


60.3 
72.6 
66.4 
72.0 

62.3 
44.0 
30.8 
33.4 
24.7 


Standing, measured in 1/6 min.: 

Ist 


2d 


3d 


4th 


6th 


6th 


21.4 
10.3 
21.2 
18.7 
22.4 


20.3 
18.7 
10.0 
17.1 
10.1 


17.0 
23.3 
18.6 
17.4 
10.2 


16.3 
10.0 
16.7 
13.4 
13.4 


32.0 
24.2 
22.3 
21.1 
23.2 


30.1 
28.0 
21.7 
16.8 
18.8 


26.8 
23.0 
23.6 
23.0 
26.7 


20.0 
10.7 
17.7 
10.0 
18.4 


7th 


8th 


0th 


10th 


Following 1/2 min.: 

Ist 


20.2 
18.4 


18.2 
17.0 


21.2 
21.6 


16.4 
17.3 


23.6 
22.8 


18.0 
18.0 


20.0 
22.0 


10.1 
17.4 


2d 

3d 


10.7 
17.7 


18.0 
18.4 


23.6 
20.6 


18.6 
10.2 


21.6 
21.7 


17.8 
18.4 


23.7 
21.7 


18.0 
18.2 


4th 
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Tablb 85. — RaU of axifffen eonawnpUon of B, D, B. in penod» of trannUonfrom ffrade walking 

to standing. 



Date, condition, and period of meMurement 
from transition. 



January 1, 1916. 
Standing, measured in 1/5 min.: 

2d 

3d 

4th 

5th 



February 14, 1916. 
Standing, measured in 1/5 min. : 

2d 

3d 

4th 



February 17, 1916. 
Standing, measured in 1/5 min. : 

2d 

3d 

4th 



March 10, 1916. 
Walking, 30 p. ot.; av., 53.3 meters: 
Measured in minutes: 

5th 

4th 

3d 

2d 

Ist 



Standing, measured in 1/5 min.: 

1st 

2d 

3d 

4th 

5th 



0th. 
7th. 
8th. 
9th. 
10th. 



Following 1/2 min.: 

Ist 

2d 



3d. 
4th. 

5th. 
6th. 

7th. 



March 11, 1916. 
Walking, 30 p. ot.; av., 52.6 meters: 
Measured in minutes: 

4th 

3d 

2d 

1st 



Oxygen consumption (unreduced) per minute. 



Period I. 



cc. 



Period II. 



Period III. 



1,870 
1,862 
2,270 
2,220 
2,226 



2,580 
2,473 
1,035 
1,506 
1,120 



860 
753 

484 
484 
376 



366 
430 



387 
366 



280 



1,838 
1,884 
2,022 
2,160 



c. c 



1,861 
2,162 
2,625 
2,182 



2,311 
2,258 
2,311 



1,308 



1,236 



645 
538 

484 



452 
344 



344 

387 



452 
409 



421 



1,910 
1,984 
2,354 
2,779 



ce. 



1,909 
2,005 
2,243 
2,599 



2,795 
2,795 
2,150 
1,075 



753 
763 
699 
538 
591 



516 
430 



409 
344 



387 
344 



344 



2,023 
1,971 
2,290 
2,324 



Period IV. 



cc 

2,150^ 

1,7201 

1,828^ 

1,505^ 



2,596 
2,649 
1,429 



2,662 
1,630 
1,278 



1,935 
1,670 
2,118 
2,658 



2,473 
2,096 
2,043 
1,881 
1,451 



1,129 
914 
645 



430 



452 
400 



409 
452 



445 



2,190 
1,949 
2,172 
2,389 



>Periody. 
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sumption during standing were also made on January 1, February 14 
and 17| 1916. These results are likevdse included in table 85, and 
show that during the first minute of standing after walking ceased there 
was a contraction in the oxygen consumption ranging from 600 to 
1,400 c. c. between the second and the fourth or fifth fractions of the 
first minute. No measurements were made for the first one-fifth min- 
ute of standing on accoimt of irregularities in the record, and no 
measurements of the oxygen consumption during walking on these 
dates are available for the transition period. Any real comparison 
must therefore be confined to the two days for which we have more 
nearly complete data. 

The results for March 10 and 11, 1916, include both walking and 
standing values for four periods on each d^y* The first point which 
attracts attention is the fact that the oxygen consumption during the 
first two one-fifth minute measurements for standing usually indicates 
an increase over the walking rate. The tracings in this portion of the 
transition record were always irr^ular at their low iM>ints, implying 
that the transition disturbed the normal type of respiration. It is thus 
difficult to determine the course of the rise in these few seconds, since 
an error of 2 mm. represents approximately 80 c. c, and a few disturbed 
respirations at this point could easily introduce an error of double this 
amoimt in the probable course. This disturbance presumably rei>- 
resented a temporary alteration in the residual air in the limgs. It is 
only after these first distiuHbances have passed that the true change 
taking place in the oxygen consumption is apparent. This point was 
reached by the third or fourth one-fifth minute, when the fall amounted 
to approximately 400 or 500 c. c. By the end of the first minute the 
oxygen consumption had fallen to approximately one-half of the values 
found with the subject walking. The drop from this point is almost 
uniformly progressive during the second minute and continues with 
somewhat less regularity to the end of the measurement. If, from the 
data in table 82, the normal unreduced oxygen consumption of E. D. B. 
for the standing position be taken as 280 c. c. per minute, it is seen 
that in only two cases is there an approach to this figure by the end of 
the measurement (see March 10, period 1, and March 11, period 3); 
that is, diuing the time that these measurements were extended (5 or 
6 minutes), the oxygen consumption continued above the normal stand- 
ing requirements. It is also seen that, after the first unreliable readings 
due to a disturbed record, the fall was approximately uniform. 

Conclusions Regarding Respiratory Changes in Transition from Grade Walking 

TO Standing and the Reverse. 

From these measurements it is thus f oimd that during the period of 
transition from standing to walking, the respiration-rate responded 
within 12 seconds and the maximum change was over by the end of the 
first minute; that the pulmonary ventilation responded within the 
first 12 seconds to double the standing value, and continued increasing 
through the third minute, while the oxygen consumption increased 
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veised numberii^ of the groups of cycles, shows similar irr^ulaiities 
and marked lengthening in the duration of the cycles previous to the 
banning of walking at X. The tise in the curve subsequent to the 
b^inning of walking was decided and regular for 20 cycles, or approxi- 
mately 15 seconds. Thereafter the rise was more gradual, and aft^ 
1 minute of walking the rate was fairly uniform at 0.45 second. Curve 
C is a record taken alter the walking had been in progress for 2 minutes 
and covers a period of approximately I }4 minutes. During most of this 
time the pulse-cycle was betwe^ 0.5 and 0.4 second in duration, 
shortening slightly with the time and ending at 0.4 second. 



10 20 30 40 20 10 tO 20 30 40 50 60 70 BO 90 tOO 110 12( 
PULSE CYCLES 

Fio. M.— DuMtloii of pnlaa-arclM of EL D. B. in ■ndv-nlldiiB Bxpnimont of F«b. 26, lOlS, 

M iDtUMtad hj vrtngm of 2 pulas^oyolM, meatund individuallr- 

Ai*ftiT>itifig; Bi truudlloQ ittfiding to mUJnc; b^umios of miking >t X; Ci D, uid Ei walldos 

tltar 2, 28, and 30 minutes, napectiyaly, of oontinuoui walking. Curroi D anil E with 

lensthened rsoord of tim^-intdrral. Th« tims required for group* of eyde*. varying in 

number, fi indioated by nnsll SguitB and inoluBion marka balow each ourre. 

After the subject had been walkii^ continuously 26 minutes, a 
record was taken in which the photographic pap^ was put throiigh 
the camera at a rate of approximately 5 cm. a second, which produced 
a space interval between the pulse-cycles of from 12 to 15 mm. This 
permitted measurements with a greater d^ree of accuracy, the results 
being given in curves D and E. As in the other curves, the points 
reinesent the averages of 2 cycles. The duraticms of the pulse^clea 
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Bbown in curve D are piaetieally oonstaDt, varying from 0.44 to 0.48 
second throughout a record of three-quarten of a minute, thus indi- 
cating a more uniform duration of the pulse-cycle than that shown 
by curve C. The second record taken by this method (curve E) 
was made after a total period of walking of 30 minutes. During the 
144 cycles in this curve, the length of cycle varied only from 0.37 to 
0.39 second. These two records show a remarkably constant cycle 
duration after a sufScient period of time bad elapsed for the body to 
beccnne adjusted to the nee^ of the exercise of walking. While they 
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also indicate that the iir^ularities in the duiatitm of the pulse-cycle 
in the few seconds preceding walking may in part be due to errors of 
measurement, it is believed, for reasons given later, that these irr^u- 
larities are present, and that the relative behavior of the pulse for stand- 
ing and walking as diown by the curves in figure 40 is correct. 
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Figure 41 gives 5 curves of the duration of the pulse-cycles on Feb- 
ruary 29, each point, as in figure 40, being the average of 2 cycles. 
Curve A represents pulse-cycles with the subject standing in the second 
period of the day, and exhibits like variations to those referred to in the 
<iiscusBion of other curves. In the corresponding curve A of figure 40, 
although the individual pulse-cycles were measured, the time-intervals 
en the photographic paper were small, and it was suggested that some of 
the insularities in the curve may have been due to errors of measure- 
ment. In curve A of figure 41, however, the time-interval was 
lengthened and this source of error was thus laigely removed, but the 
same variation in the pulse-cycles for standing is apparent. The 
maximimi variations during this record are as large as 0.4 second, with 
0.3 second as the greatest difiference between two successive points. 
In curve B, the time-interval was not lengthened and the errors in 
estimating the fractions of a second are therefore greater. The stand- 
ing portion of the curve, as in the curves earher discussed, shows gross 
variations in the cy de duration. On the transition to walking there is 
a lengthening of pulse-cycle duration which is directly at variance with 
the other records given in figures 39 and 40. The question may fairly 
be raised if the time of transition were correctiy indicated on the 
photographic paper and if it may not have been a second or two later. 
As in the preceding figures, the major portion of the rise in the curve 
had taken place by the measurement of the fortieth or fiftieth cycle, 
with an average cycle duration at that time of 0.5 second. Thereafter, 
the change in the duration was but slight, reaching an approximate 
value of 0.45 second at the end of the curve, which covers a time-inter- 
val of 65 seconds. 

After the subject had been walking 26 minutes, a short record was 
made (curve C) in which the time-intervals on the record were 
lengthened by increasing the speed of feeding the paper to the camera. 
It may be noted that in this curve (C), the duration of the pulse-cycle 
had further shortened to 0.36 to 0.39 second, and there is less variation 
between the readings. This is in harmony with curves D and E of 
figure 40, which illustrated the regularity of the pulse-cycle duration 
after a continued period of exercise. Curves D and E in figure 41 
will be considered subsequently, as they represent records taken when 
the man was standing edter walking. 

From these measurements of the durations of the pulse-cycle in the 
transition from standing to grad^ walking, there is evidence that the 
standing pulse varied widely between successive cycles; that the inter- 
val preceding walking is likely to be influenced by psychical effects 
due to the anticipation of the starting of the treadmill ; that most of the 
rapid shortening of the cycle duration after the banning of walking 
occurs within 25 or 30 cycles, or about 15 to 20 seconds, and is over 
within 1 minute; and that the shortening of the duration thereafter is 
very gradual and may continue for a period of 25 to 30 minutes. 
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lengthening of but 0.02 to 0.03 second. In the next 50 cycles tiiere 
was a further fall in the curve to 0.42 second, and by the end of 150 
cycles the duration was between 0.45 and 0.46 second, or a lengthening 
of the cycle of but little more than 0.1 second. This ifi in decided con- 
trast to the rapid rate of change shown in the transition from standing 
to walkii^, when most of the change occurred within 100 cycles. 
The 150 cycles of curve A occupied approximately 1 minute, and the 
following minute brought the duration to but 0.49 second, llie return 
of the cycle duration during the first few minutes of standing is there- 
fore slow in compariBon to the teantdtion in the change frcmi standing to 
walking. 
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The behavior of the pulse-cycle in curve B is almost the same as that 
found in curve A. The duration just previous to the transition is 
practically the same. At the end of 100 cycles the duration has 
lengthened to 0.42 second, or but 0.08 second. At 150 cycles, occupy- 
ing approximately 60 seconds, the duration was about 0.46 second. 
Two minutes of standing resulted in a total lowering of the duration of 
the pulse-cycle 0.12 second. This curve shows some lag at the trand- 
tion which other curves do not show. 

In curve C the duration of the pulse-cycle lengthened from 0.33 
second preceding the transition to standing to 0.37 second in 50 cycles, 
while in 150 cycles aiter the walking ended, occupying approximately 
60 seconds, the duration lengthened to 0.44 second, or a total lengthen- 
ing of 0.11 second. This rate of lengthening agrees with that found 
in the two preceding curves, namely, in 150 cycles of approximately 
60 seconds of elapsed time, the change in the average duration of the 
cycle was but little over 0.1 second, and by the end of 2 minutes the 
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period, representing a time-interval of 2 hours after walking ceased, 
that the temperature may be said to approximate anything like the 
origmal values. 

The after-effects of exercise on the gaseous exchange have recently 
been studied by Campbell, Douglas, and Hobson,^ and by Krogh and 
lindhard,' who followed the changes through brief intervals. These 
authors find, in harmony with Zuntz, with Benedict and Cathcart, and 
with others, that the respiratory quotient increases when the work 
stops; after a brief period it falls to a value somewhat below normal. 

The values here reported for 15-minute periods do not, of course, 
show the stimulated respiratory quotient for the post-walking periods 
which, according to Erogh and lindhard, occurs approximately 
1^ minutes after the end of walking. In the standing periods follow- 
ing immediately after the cessation of walking (December 21 to 
February 17), the respiratory quotient is lower than during the walking 
period, and but little different from the pre-walking quotients. This 
is probably explained by the fact that the quotients for a period fol- 
lowing immediately the cessation of walking would be influenced by 
the high values referred to above as occurring for a short time. It is 
only when the periods are taken after the temporary high respiratory 
quotients have passed that the after-effects of walking become evident. 
AH of the post-walking periods of February 26 to 29 on which there 
was an interval of rest following the walking indicate a lowered respi- 
ratory quotient in relation to both the pre-walking and the walking 
respiratory quotients. On two of these days the subject had walked 
somewhat over an hour and on the last day about half that time. 

Campbell, Douglas, and Hobson conclude that the possible presence 
of lactic acid in the muscles is alone not sufficient to explain the be- 
havior of the respiratory quotient following the cessation of work and 
are inclined to believe with Zimtz and with Benedict and Cathcart 
that the probable explanation is that during the period of walking the 
glycogen reserve in the body is depleted and that during the subse- 
quent periods proportionally less carbohydrate than fat is consumed 
in the body metabolism. 

A rough estimate of the amoimts of glycogen consumed during 1 
hour of walking on the basis of an oxygen consumption of 2,500 c. o. 
per minute and a respiratory quotient of 0.90 is as follows: The total 
energy produced in 1 hour would be approximately 750 calories; if 
60 per cent of this energy were derived from carbohydrate to produce 
the respiratory quotient of 0.90, as assumed by Magnus-I-evy,^ and 
4.23 calories be assumed as the heat-production from 1 gram of gly- 
cogen, the total amoimt of glycogen consmned in 1 hour of walking 

^Campbell, Douglas, and Hobson, Phil. Trans., London, 1920, Ser. B, 210, p. 1. 
*Kroi^ ftnd Lindhanl, Joum. Physiol., 1920, 53» p. 431. 

*Magnu8-Levy, in von Noorden's Handbuoh'der Pathologic des Stofifwechsels, Berlin, 2d ed., 
1906. 1, p. 207. 
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minute, and from 12 to 10 gram-calories per kilogramnieter when the 
work was between 1,000 and 1,500 kg. m. per mmute. (See also 
table 62.) 

The average increment in the heat-output due to grade walking 
was approximately 7.5 gram-calories per kilogrammeter of work per- 
formed. From the results of this study it may be said that the net 
efficiency with which a person can walk up-grade is not far from 30 per 
cent when the work is under 500 kg. m. per minute, but when the work 
amounts to more than 500 kg. m. per minute, the efficiency decreases 
as the work increases. (See table 69.) 

The measurements of the pulmonary ventilation during grade walk- 
ing show that the increase in this physiological factor for each increase 
of 100 kg. m. of work was from 3 to 5 liters, while the total percentage 
increase with excessive work was as much as 850 per cent above the 
standing requirement. (See tables 76 and 77.) This enormous in- 
crease indicates the wide margin which must be provided in designing 
gas-masks to be worn during excessive muscular work. 

During grade walking, the respiration-rate for the subject E. D. B. 
showed constant increase over the standing value of 1.2 respirations 
for each 100 kg. m. increase in the work when over 500 kg. m. of work 
was done. With the subject W. K. the increase over the standing res- 
piration-rate was more nearly 2 respirations per 100 kg. m. (See tables 
74 and 75.) The percentage increase over the standing rate was from 
8 to 10 per cent for W. K., while for E. D. B. the increase was as high 
as 40 per cent for the first 100 kg. m., but fell rapidly with increase in 
the amoimt of work and became constant at approximately 8 per cent. 

In horizontal walking the pulse-rate frequently was less than that 
with the subject standing, even with an increase in the metabolism of 
100 to 200 per cent. During grade walking, the pulse-rate showed a 
practically uniform increase with the increase in the amount of work 
performed. The increment in the pulse-rate over the rate found for the 
standing position rose rapidly with the increase in the work performed; 
though the percentage increase per 100 kg. m. of work remained fairly 
constant, considerable differences were shown between individuals. 
(See tables 78 and 79.) 

The body- temperature showed increases as high as 2® C, indicat- 
ing for a body-weight of 60 kilograms a storage of heat in the body 
of approximately 100 calories. 

From the measurements taken at the time of transition from stand- 
ing to grade walking, it is believed that in most cases the body adjusts 
itself to the new demands as to pulse, respiration-rate, pulmonary 
ventilation, and oxygen-supply by the end of the third minute, and 
by far the larger part of the adjustment has occurred within 30 sec- 
onds. The recovery after exercise, however, is not so prompt, and 
the after-effects of the walking persist for a much longer time before 
initial conditions are reestablished. 



